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Heinemeyer, Kimberly S., M.S., May 1992 Wildlife Biology
Temporal Dynamics in the Movements, Habitat Use, Activity, and Spacing of 
Reintroduced Fishers in Northwestern Montana (158pp.)
Director: Kerry R. Foresman
In the final 2 years of a 4 year project to reintroduce fishers (Martes 
pennanti) to the Cabinet Mountains of Montana, I translocated 78 fishers 
(1.0:1.3 M:F; 33 were juveniles) from Wisconsin in 1990 -  1991. Radiotags 
were placed on 25 animals in October 1990 to allow monitoring of movements, 
activity, habitat use, and fates through August 1991. Six animals were 
implanted with intraperitoneal transmitters, and 19 animals were radio­
collared. Half the radiotagged animals were soft-released, with the remaining 
hard-released. Ground triangulation, aerial locations, and 24-hour remote 
monitoring revealed activity, movements, habitat use, and homerange 
establishment. Seasonal and permanent homerange and core activity areas 
(90% and 50% utihzation volumes, respectively) were calculated with adaptive 
kernel analysis. Habitat selection, based on planimetric and hydrographic 
variables, was estimated using a nonmapping technique on a Geographic 
Information System.
During the 2-week post-releases period, soft- and hard-released fishers did 
not differ in movement rates (p = 0.10), activity levels (p=0.89), or mortality 
rates. Twenty-four fishers remained in the general release area, while 6 
dispersed 9.4 — 18.0 km. Of the total mortalities (n=14), seven were from 
predation within the first 2 months of release. Most animals stabilized through 
winter; 9 females and 5 males maintained winter homeranges. Habitat 
selection during the winter was minimal: high activity levels, low movement 
rates, and a shift to nocturnal activity may indicate that harsh environmental 
conditions limited movements of the fishers. During the breeding season, 
fishers increased movement rates, and used low elevation habitats close to 
water, with flat or shallow slopes. Adult males increased movement rates, and 
the single adult male homerange increased from 3.6 to 99.3 km^. Some 
females shifted core activity areas, resulting in overlap with the adult male and 
with each other. Juvenile males did not appear to respond to breeding season. 
After breeding season, females again shifted core areas to re-establish 
intrasexually exclusive areas. Nine animals (2 males and 7 females, including 
2 from a prior release) estabhshed permanent homeranges. The fishers settled 
in low elevation, mesic habitats, in proximity to 2 prior residents; these prior 
residents may have served as indicators of habitat quality.
Montana females maintained small homeranges compared to standardized 
estimates for Idaho animals, possibly due to varying habitat quality or 
intrasexual competition; alternatively, this may be related to the colonization 
process. Although mortality removed 14 of the 25 animals from the 
population, higher settlement rates were seen in this study as compared to the 
first 2 years of translocations (Roy 1991). This is discussed in fight of 
settlement and colonization processes, and implications for future 
réintroductions. The réintroduction process is examined at several scales, from 
animal husbandry to metapopulation dynamics.
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INTRODUCTION
H abitat loss and resultant habitat fragmentation is considered the 
prim ary cause of the loss of biodiversity in many regions (Harris, 1984, Norton 
1988, Vermeij 1988, Noss 1991). In the western United States, the effects of 
fragmentation have been exemplified by the plight of the northern spotted owl 
(Strix ocddentalis caurina). which is threatened with extinction. Although 
prim arily endangered by the loss of habitat, conservation of this species m ust 
be through proper management of the remaining fragmented old-growth 
forests. The conservation of many hundreds of species will have to deal with 
the same problem of fragmentation and isolation of populations.
Carnivores are particularly impacted by fragmentation because of their wide 
ranging nature, low density, and often specific habitat or prey requirements 
(Terbough and Winter 1980, Shaffer 1981, Harris, 1984). The grizzly bears in 
Yellowstone National Park face extinction due to their isolation (Shaffer 1983, 
M attson and Reid 1991). Although suitable habitats and prey base exist in 
Yellowstone National Park, wolves (Canis lupus) may not be able to naturally 
recolonize this area due to its isolation (U. S. Fish and Wildl. Serv. 1987). 
Several other carnivores are becoming increasingly rare throughout the Rocky 
M ountains and coastal mountain ranges, almost certainly due to habitat loss, 
habitat fragmentation, and population isolation. The abundance of fisher, lynx, 
and wolverine has been reduced to low levels in most western states. An 
interagency working committee has been organized to evaluate the status and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
conservation needs of these three carnivores (pers. comm. Bill Ruediger,
USFS, Region 1).
In areas where natural recolonization of a species has a low probability of 
occurring due either to the isolation of the area in relation to existing 
populations or the lack of wild populations, human assistance in the 
recolonization process may be necessary if  recovery is desired. The 
réintroduction of species into areas of former habitat is increasingly used by 
biologists and managers to enhance natural recolonization, or re-establish 
species extinct in the wild from captive populations (Griffith et al. 1989, 
Chivers 1991, Seal 1991, Stanley Price 1991, S tuart 1991,). Wolves may be 
reintroduced into Yellowstone National Park (U. S. Fish and Wildl. Serv. 1987). 
Grizzly bears are being transplanted into the Cabinet Mountains in Montana 
to supplement the rem nant population there (Kasworm e t al. 1991). The 
recovery of black-footed ferrets depends upon the successful réintroduction of 
captive-raised animals to the wild (Montana Dept. Fish, WildUfe, and Parks
1992) Réintroduction of river otter, fisher, and marten has successfully 
returned these species to many areas across the United States (Berg 1982).
The fisher was extirpated from most of its range in the late 1800s and 
early 1900s. It is thought that habitat loss due to settlement and logging, 
heavy trapping pressure, and widespread predator poisoning led to the drastic 
population reductions (for review see B and 1989). By the 1930s, only small 
rem nant populations of fishers remained in the U.S., primarily in a few 
northeastern states: Maine, New York, New Hampshire, Minnesota; and also 
in California (Powell 1982).
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Fisher trapping seasons were closed in most states by the 1930s 
(Brander and Books 1973). This, as well as the end of the logging boom in the 
east and midwest, enabled some of the rem nant fisher populations to recover 
and expand. New York reopened its fisher season in  1949, 20 years after 
closir^ it. Maine allowed trapping of fishers starting in  1950, New Hampshire 
and W est Virginia in 1969, Massachusetts in 1972, Vermont in 1974, and 
M innesota in 1977 (reviewed in Douglas and Strickland 1987). In response to 
the trapping pressure, some populations did not remain stable. Maine closed 
its  season again from 1951-1954, and limited the harvest in 1977; New 
Ham pshire closed its season again in 1977 and New York had to limit its 
harvest th a t same year (Powell 1982).
Although protection from trapping helped many regions recover their 
fisher populations, other regions used réintroduction to assist in re­
establishm ent of populations. Nova Scotia was the first to reintroduce fishers, 
w ith the release of 92 animals in 1947-66 (Dodds and Martell 1971). The effort 
was successful, and beginning in 1977, limited trapping was allowed (van 
N ostrand 1977). Many states followed the example. Between 1956-1966, 
Wisconsin released 120 fishers and in 1961-1963, Michigan released 61 fishers. 
Both efforts were successful in reestablishing the fisher (Irvine et al. 1964; 
Olson 1966, Kohn et al., in press). Idaho re-established a population with the 
release of 39 fishers in 1962-1963 (Dodge 1977), and M ontana released 36 
fishers in  1959-1960 with limited success (Weckwerth and Wright 1968).
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B ackground and Purpose
Fisher recovery in M ontana began in  1959-60 when 36 fishers from 
British Columbia were released into three areas of Montana: nine animals 
were released near Eureka, 15 animals a t Holland Lake, south of the Bob 
M arshal Wilderness; and 12 animals in southwestern Montana a t Moose Lake. 
Recovery of ear-tagged and unmarked fishers in the years following the 
releases indicates th a t the Eureka and Holland Lake re-introductions were 
probably the most successful (Weckwerth and Wright 1968). Still, expansion 
of the fishers into surrounding habitats has been limited, and fishers are 
extremely rare throughout their historic range in Montana.
In 1988, a fisher re-introduction effort began in the Cabinet Mountains of 
northw estern Montana as a cooperative effort by the M ontana Dept, of Fish, 
Wildlife, and Parks; the USDA Forest Service, Kootenai National Forest; the 
M ontana Cooperative Wildlife Research Unit; and the University of Montana. 
During 1988 and 1989, 32 fisher were transplanted from Minnesota (Roy 
1991). Only 7 were known to still be in the area by the summer of 1990, 
though slippage of radiocollars and equipment failure limited the knowledge of 6 
animals released in the first year. Both mortality and dispersal led to the 
initial limited success of the project. Of the known animals, 9 died from 
predation, 3 were killed in traps, and the others dispersed out of the study area 
(Roy 1991).
From June 1990 to November 1991,1 transplanted fishers from 
northeastern Wisconsin into the Cabinet Mountains, and monitored a sample 
of the animals with radio-telemetry. Roy (1991) was the first to examine the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
activities and movements of reintroduced fishers via radio-telemetry. He was 
able to obtain information on mortality factors of the transplanted anim als, as 
well as general data on movements and hab ita t use. In this study, I attem pted 
to intensify the monitoring of the reintroduced fishers to examine temporal 
trends in  movements, hab itat use, activity, and spacing patterns as the 
fishers gradually acclimated to their new environment. 1 also examined the 
effect of release type by comparing movements, activity, and m ortality of soft- 
released and hard-released fishers. By examining the results of this study in 
Hght of other empirical and theoretical work, I discuss aspects of colonization, 
estabUshment of social spacing, determinants of homerange size, and habitat 
use. I make recommendations for the conservation of fishers in the Cabinet 
Mountains, and discuss the management goals needed to re-establish the 
fisher in the Northern Rockies region for longterm viability. Aspects of 
réintroduction planning, implementation, and monitoring are also addressed.
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STUDY AREA
The Cabinet Mountains are located in the Kootenai National Forest of 
northw estern Montana. The mountain range is divided into the East and West 
Cabinets by the Bull River Valley, containing Lake Creek running north from 
Bull Lake, and the Bull River running south to the Clark Fork River (Fig. 1). 
The release and core study area was centered in  the Bull River Valley and the 
drainages leading into the East Cabinets, though fishers were radio-tracked 
throughout the region.
Prehistoric alpine glaciation shaped the Cabinet Mountains resulting in 
the area's ruggedness, U-shaped valleys, cirque basins, and craggy peaks. 
Elevations range from 610 m in the Bull River Valley to 2,680 m atop 
Snowshoe Peak in the East Cabinets. The climate is primarily influenced by 
Pacific maritime air masses firom the west, resulting in warm, short summers 
and wet, snowy winters. Occasional arctic air masses result in extremely cold 
tem peratures lasting for several days in the winter. The temperatures in  Troy, 
to the north of the Bull River Valley, range from -31.0 to 40.5 C, with a yearly 
m ean of 5.9 C (recorded by the National W eather Service since 1961). 
Precipitation patterns in the study area have been summarized by the 
M ontana Dept, of State Lands and USFS, Kootenai N. F. (1978). Precipitation 
varies with elevation; average annual precipitation in the Bull River Valley is 
less th an  100 cm (40 inches), while higher elevations may receive over 500 cm 
(200 inches). The majority (65%) of the precipitation occurs as snow in the
6
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Fig. 1. Map of the study area (Roy 1991). The core s tudy  area w as along 
the  Bull River, Bull Lake, and their tribu tary  drainages.
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winter. Average annual total snowfall also varies with elevation from 500 cm 
in  the valley to over 1800 cm (700 inches) a t the higher elevations. Average 
m axim um  snow depths vary from less than  60 cm (24 inches) on south-facing 
slopes to over 350 cm (140 inches) on high elevation north facing slopes.
The area supports a diversity of vegetation. The Bull River Valley 
contains areas of open wet meadow and riparian shrubfields, interspersed with 
stands of grand fir (Abies grandis), western red cedar (Thuja plicata), western 
hemlock (Tsuga heteronhvlla). cottonwood (Ponulus trichocarpa). and aspen 
(Populus tremuloides). Drier, low and mid-elevation sites support ponderosa 
pine (Pinus ponderosa) and Douglas fir (Pseudotsuga menziesii). Due to past 
wildfires, some mid-elevation areas have been reverted to serai stands of 
western larch (Laiix ocddentalis). lodgepole pine (Pinus contorta). and aspen. 
Above 1500 m on northern exposures and 1800 m  on southern exposures, 
mixed stands of subalpine fir (Abies lasiocarpa). spruce (Picea engelmannii). 
and m ountain hemlock (Tsuga mertensiana) predominate to timberline.
Several species of both potential prey and predator of fisher occur in  the 
area. Potential prey species include snowshoe hare (Lepus americanus). red 
squirrels (Tamiasciurus hudsonicus). red-tailed chipmunk (Tamias ruficaudus). 
Columbian ground squirrel (Spermophilus columbianus). porcupines (Erethizon 
dorsatum ). beaver (Castor canadensis), m uskrat (Ondatra zibethica). pika 
(Ochotona princeps). bushy-tailed woodrat (Neotoma cinerea). ruffed grouse 
(Bonasa umbellus). blue grouse (Dendragapus obscurus). spruce grouse 
(Canachites canadensis), and several species of sm aller mammals and 
reptiles. Large ungulates are common in the area, including white-tailed deer 
(Odocoileus virginianus). elk (Cervus elanhus). and moose (Alces alces). and
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m ay provide im portant sources of carrion, especially in the fall and w inter due 
to hunting amd wintertime mortalities. Carnivores present include black bear 
(Ursus americanus). grizzly bear (Ursus arctos). m ountain Hon (Felis concolor). 
wolverine (Gulo gulo). Canada lynx (Lvnx Ivnx). coyote (Canis la trans). bobcat 
(Lvnx rufus). and pine m arten (Martes am ericana).
Upper elevations of the East Cabinets are designated Wilderness and 
some portions of the West Cabinets are under consideration for Wilderness 
designation. The current Cabinet Mountain Wilderness encompasses 
approximately 381 km^ and is an elongated band averaging less than  10 km 
wide, with its length running north-south. Outside of the Wüdemess and 
roadless areas, timber harvest is the principle land management activity, with 
clearcutting being the prim ary means of timber removal. Most of the area is in 
public ownership under the Kootenai National Forest, but significant am ount 
of lands are owned by Champion International and Plum Creek Timber 
Company. There are several mining claims in the area, with one commercial 
mine (the ASARCO Troy mine) active in Stanley Creek, west of Bull Lake, and 
another proposed mine (Noranda Mining Corporation's Montanore mine) on the 
east side of the Cabinets in Libby Creek. Noncorporate private holdings are 
Hmited primarily to the valley bottoms along waterways, and constitutes the 
Hmited hum an population in  the study area outside the towns.
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METHODS 
C apture, H andling and R elease Procedures
Trapping and Translocation. Fishers were live-trapped in  October 1990 and 
1991 in  northeastern Wisconsin. In 1990, trapping was done exclusively on 
the Nicolet National Forest; in  1991, fishers were taken from state and private 
lands as well as fi*om the National Forest. Single-doored box-traps (1.0 x 0.3 x 
0.3 m) were placed primarily in ecotone habitats, and camouflaged with 
natural vegetation or wood debris. They were generously baited with venison, 
beaver, fish, or m eat scraps and were scented with beaver castor or a 
commercial lure. Traps were checked daily and all nontarget species were 
released a t the site.
Trapped fishers were covered with a canvas cloth and transported to the 
field station in Eagle River, Wisconsin in the back of a  covered truck. A deep 
bedding of grass and tree boughs in the truck cushioned the fishers from 
excessive bouncing and helped to prevent injury to their mouths and feet tha t 
occurs when they fight the traps during transport.
At the field station, the fishers were placed in individual 0.5 x 0.5 x 2.0 m 
holding cages with a den box and straw. They were kept in a quiet building at 
am bient temperatures; w ater was provided ad libitum, and approximately 0.5 
kg of road-killed deer was provided daily. When trapping was completed for the 
season, the animals were transferred back into the box-traps (with straw
10
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bedding) and transported via covered truck to Missoula, Montana.
Handling. The fishers were anesthetized using Ketamine hydrochloride (0.22 
cc/kg body weight) and Xylazine brand of Rompum (0.1 cc/animal) injected 
intram uscularly. By pinning a fisher to the bottom of its cage with a  m etal or 
wooden box, the drug mixture could be quickly and accurately injected into the 
rum p muscles. Each animal was weighed, physically examined, and 
vaccinated against canine and feline distemper. If the teeth were in good 
condition, the first upper left premolar tooth was pulled for aging. All animals 
were ear-tagged and ear-tattooed. Tetracycline was administered as an  
infection preventative and to biomark the teeth to aid in future identification 
(Johnston and W att 1981).
In 1990, twenty-five animals were radio-tagged; in 1991 no fishers were 
radio-tagged. Nineteen (10 females and 9 males) fishers were fitted with 
radiocollars (Telonics MOD 200 with mortality sensors) and six (3 females, 3 
males) were surgically implanted with abdominal transm itters (Telonics IMP 
300 w ith tem perature sensors). Because of evidence th a t the collars used in 
the previous study had caused severe damage to the neck of at least one 
anim al, special soft collar attachments made of 3/4" flexible woven nylon were 
used.
The surgical im plantation of abdominal transm itters was performed by 
Dr. Douglas Griffith, D.V.M. a t Treasure Mountain Veterinary Hospital in 
Libby, Montana under semi-sterile conditions. After initial anesthetization 
w ith the ketamine/xylazine drug mixture, the fishers were maintained a t a 
surgical plane of anesthesia using 3% Isoflourine gas with oxygen admiriistered
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
12
w ith  an  Isotech 3 vaporizer through a face mask. The day following surgery, 
the anim als were placed in holding cages a t release sites in  the Cabinet 
M ountains.
Release. Release sites for radio-tagged fishers were in two drainages of the Bull 
River (South and East Forks); release sites for untagged fishers were in other 
m ain drainages off the Bull River or in major drainages along the east side of 
the W ilderness Area. All release sites were chosen for appropriate habitat, 
cover, nearness to running water, and remoteness.
In 1990, the 6 radio-implanted and 7 randomly selected radio-collared 
fishers were soft-released, while the remaining 12 radio-collared fishers and all 
the untagged fishers were hard-released. In 1991, all animals were hard- 
released. Hard-released fishers were taken to sites and immediately released 
by opening the cages allowing the fishers to leave. Soft-released fishers were 
confined within their holding cages (0.5 x 0.5 x 2.0 m) a t release sites for 5 days. 
They were checked, watered, and fed daily. The doors to the cages were quietly 
opened on the fifth day, and a 3 to 4 day supply (approximately 2 kg) of venison 
was cached near-by to provide for an immediate and easy source of food.
The sites for soft-released animals were the same sites used for 12 of the 
hard-released, radio-collared animals. At each site two fishers were release; a 
fisher was hard-released prior to placing a soft-release animal of the opposite 
sex a t the site.
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D ata C ollection
Location Data. Radio-tagged fishers were located from the air or the ground. 
Aerial locations were made firom fixed-wing aircraft using either a fixed twin 
an tenna bi-directional system or a single rotational antenna mounted under 
the plane. Aerial locations were primarily used to locate animals which could 
not be found from the ground, thus facilitating the continued monitoring of 
dispersing animals or animals which moved into remote areas. The aerial 
locations were plotted on 1:24,000 USGS topographic field maps. Accuracy of 
aerial locations was estim ated a t 100 m by locating known transm itters 
planted in  the study area. If the weather or the terrain  inhibited an accurate 
estim ate of the animal's location, this was indicated on the field map by 
enlarging the location circle to approximate the degree of error. All locations 
were la ter recorded as UTM coordinates.
S tandard triangulation techniques (Mech 1983; White and G arrott 1990) 
were used for ground locations. Each bearing was rated in the field on the 
signal's directionality (l=highly directional/excellent to 5=veiy poor 
direction/bouncy). When possible, a t least 3 bearings were taken with good 
directionality and with a 45° to 135° difference between bearing readings. Field 
assessm ent of the triangulation data was conducted by mapping the bearings 
as they were obtained, facihtating increased accuracy and efficiency by aiding 
the researcher in choosing where to take the next reading. Attempts were 
made to complete each location within one hour.
The triangulation locations were mapped within 48 hours on 1:24,000 
USGS topographic maps and each animal location was assessed based on
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various qualities. Standard error polygons (White and Garrot 1990) were not 
calculated because of the extreme spatial and temporal variability in 
telem etry conditions. Instead, the quality ratings of individual bearings, the 
size of the location triangle (<0.13 km2, >0,13 but <0.25 km2, >0.25 but <0.50 
km2, >0.50 bu t < 1 km2, or >1 km2), the proximity of the researcher to the 
animal, and the time it took to obtain the location were considered. A final 
weight was assigned to each location based upon the above qualities 
(l=excellent to 5=poor).
Occasionally, homing was used to locate a resting animal. The signal was 
followed and then circled until the fisher's location could be pinpointed. The 
anim al was often sighted when using this method. This technique was also 
used to recover mortalities.
A ttem pts were made to locate all animals from the ground every other 
day, though logistic problems often thwarted these plans. Thus, though a 
systematic samphng regime was sought, one was probably not obtained. Only 
locations more than  12 hours apart were used for the analysis of movements 
to promote serial independence of locations based on biological, not statistical, 
independence (Lair 1987, Minta 1992).
Activitv Monitoring. The activity of an animal could be remotely assessed 
using the radio-telemetry equipment. Fluctuations in the signal intensity were 
detected if the animal was moving because of the changes in the transm itter's 
orientation and location with respect to the animal's body, surrounding 
vegetation, and other signal diminishing obstacles. An animal was noted as 
active if there were two or more fluctuations in the strength of the signal over a
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count of 20 pulses. Alternatively, the animal was determined to be inactive if 
one or fewer fluctuations were noted in the count of 20 pulses.
Activity data were collected while taking bearing readings for 
triangulation locations and through 24-hour monitoring. Activity data collected 
while obtaining locations was biased toward daylight hours and was used only 
to assess possible differences in habitat use between active and resting 
anim als. The data collected from 24-hour monitoring were used to assess 
activity levels and patterns. A researcher would set up "camp" in an 
advantageous position in  the study area, where as m any animals as possible 
could be picked up with the radio receiver. The activity of each animal was 
noted every 15 minutes. Cloud cover, precipitation, wind, and ambient 
tem peratures were recorded a t camp. To avoid excessive fatigue, shifts of 6 to 
8 hours were conducted by each researcher. In most cases, enough manpower 
was available to complete a 24-hour monitoring session in  24 contiguous hours. 
Occasionally, the samphng had to be spread over 48 hours before a 24 hour 
sample could be completed. In all cases, the goal was to have equal sampling 
through the 24 hour diel cycle.
Mortalities. MortaUties were recovered whenever possible by homing in on the 
signal. Some winter mortalities could not be recovered because of dangerous 
avalanche conditions. Recovered mortahties were kept frozen until necropsy 
could be done with the consultation of either Dr. B art O’Gara of the Montana 
Cooperative Wildlife Research Unit a t the University of Montana or the Fish, 
Wildlife, and Parks Research Laboratory located in Bozeman, Montana.
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Necropsies helped to determine the cause of death and to assess the overall 
physical condition of the animal before death.
Age Analysis. A physical assessm ent of age based on sagittal crest 
development, tooth wear, and body size was determined during the work-up 
before releasing the fishers. Animals were classed as either juvenile (young of 
the year) or adults (at least 1 year old). The upper prem olar tooth was sent to 
M atson Laboratories in Missoula, M ontana for sectioning and cementum 
analysis (Strickland et al. 1982). The age determined from tooth sectioning is 
reported unless a tooth could not be pulled, in which case the physical 
assessm ent is used.
D ata A nalysis
All statistical analyses were performed using Statview 512+ (Brainpower, 
Inc 1986) statistical program on a Macintosh computer. Differences were 
considered significant when p < 0.05. Geographic Information Systems (GIS) 
program  PAMAP () was used to evaluate movement and spatial patterns, and 
obtain habitat use data using USGS Digital Elevation Models (DEM).
Seasonal analyses were based on the following periods; post-release period (2 
weeks in early November following release), winter season (mid-November 
1990 - 14 February 1991), breeding season (15 February 1991 - 31 March 
1991), and post-breeding season (1 April 1991 - late August 1991).
Movement Patterns. The first two weeks of locations following release were
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removed from the location data set before movement patterns were analyzed. 
The use of GIS mapping allowed temporal movement patterns to be assessed 
for each animal. Movements were classified into three categories: transien t or 
dispersal movements, temporary residency, or perm anent residency, sim ilar to 
classifications of pine m arten  movements by W eckwerth and Hawley (1962), 
Davis (1983), and Slough (1989). Transient movements were movements 
w ithout any obvious central tendency. A temporary residency was defined as 
an area in  which the animal exhibited an apparent central tendency for a t 
least one month, but was eventually abandoned. A perm anent residency and 
homereinge was characterized as an area occupied by an animal and not 
abandon during the remainder of the monitoring period, or an area occupied for 
a t least four months before radio failure or death. Seasonal homerange sizes 
were estim ated from animals th a t maintained a stable range through a 
season.
Perm anent homerange sizes and shapes were analyzed using the 
adaptive kernel method with the program CALHOME (Baldwin et al. 1992) on 
an IBM compatible computer. I estimated a minimum sample size needed for 
an  unbiased assessment of homerange size by calculating homeranges using 
various sample sizes drawn from random bivariate normal and uniform 
distributions. For each sample size, 5 to 7 random samples were drawn from 
each distribution and the average homerange size was used. Histograms of 
sample size vs average homerange size for both random distributions were 
used to subjectively select the minimum sample required for an estim ate of 
homerange based on the asymptotic behavior of the histograms.
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Most homerange analyses have used minimum convex polygon, and more 
recently, harmonic m ean estimates. The adaptive kernel analysis is better 
suited th an  harmonic mean for generation of contours because sample size and 
grid cell size have less influence on the estimates (Worton 1989). Additionally, 
kernel estim ates are statistically robust and do not assume any underlying 
distribution in  the animal’s movements or space use (Powell 1993). Different 
programs used for harmonic mean calculations and user input discrepancies 
further complicate homerange comparison between studies. The harmonic 
me£Ln output from the commonly used programs McPaal (Stuwe and 
Blohowiak 1985) and program Home Range (Ackerman et al. 1989) were 
compared to the adaptive kernel estim ates for several homeranges (see 
Appendix D). Datasets from fishers in Maine (courtesy of Steve Arthur) and 
fisher in  Idaho (courtesy of Jeff Jones) were reanalyzed using the adaptive 
kernel method so th a t comparisons could be made between the three 
populations.
Ninety percent utilization volume contours were used to assess 
homerange size. Examination of core area use was done using 50% contours. 
Inter- and intra-sexual homerange and core area overlap was examined on a 
seasonal basis to avoid temporal shifting of homerange. Testing between 
samples was conducted using Mann-Whitney tests.
H abitat Use. Habitat use was examined through comparing elevation, slope, 
aspect and distance to water of animal locations versus random locations, 
following Marcum and Lofl-sgaarden (1980). All information was obtained 
using the GIS PAMAP application (PAMAP Techn. Corp. 1992) and USGS
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DEMs and hydrology models. The map scale used in determining the 
planim etric characteristics was 1:150,000, with pixel size of 40 m^; hydrology 
inform ation was obtained a t a scale of 1:24,000.
The exact boundaries of the study area were defined from the minimum 
convex polygon for all locations of animals released in 1990. Animals from the 
1989 release which were monitored in 1990 were included if  their homerange 
was encompassed within the study area boundaries. This method included two 
anim als firom the 1989 release.
A total o f473 random points falling on or within the boundary of the study 
area was used to characterize the habitat. To ensure the available habitat 
was adequately represented, subsamples of 200, 250, 300,...450 points of the 
random population were sequentially plotted in histograms. Variation in the 
distribution of elevation, slope, and aspect leveled off a t approximately 350 
random points, ensuring th a t 473 points should adequately characterize the 
hab ita t available to fishers in  the study area.
Use of elevation, slope, and aspect was compared to availability using chi- 
square goodness-of-fit tests (Marcum and Loftsgaarden 1980). Each habitat 
variable was broken into categories. Elevation on the study area ranged from 
644 m to 2,209 m, and was broken into 200 m intervals from 600 m to 1,600 
m. Areas above 1,600 m were grouped together, for a total of 6 categories. 
Slope categories were defined as follows: flat (0° to 10°), shallow (11° to 20°), 
m oderate (21° to 30°), steep (31° to 40°), and extremely steep (>40°). Areas 
which were classified as having a flat slope were also classified as flat for 
purposes of determining aspect. Aspect was defined as flat, north (316 - 45°), 
east (46 - 135°), south (136 - 225°), or west (226 - 315°). If overall significant
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differences were found in the chi-square test, then each category was examined 
through z-tests and Bonferonni confidence intervals to determine where the 
differences were (Marcum and Loftsgaarden 1980). Distance to water, and 
distance to 5 different classifications of water, were separately examined. For 
each type of water, a Mann-Whitney test showed if there were significant 
differences between use and availability. If significant differences were found, 
further hypothesis testing was conducted using chi-square goodness of fit tests 
for distance categories.
Movement Rates. Straight-line distances between an animal's consequetive 
locations were measured through Program Homerange. Only distances in 
which the location dates were greater th an  0.5 days and no more th an  5.5 days 
apart were used in the analysis of movement rates. This limit of 5.5 days was 
subjectively chosen by examining the variation found in movement distance 
versus tim e between locations. To obtain a measure of movement ra te  from 
the distance, the distance was divided by the days lapsed between the 
locations, and the resulting number (in meters/day) was called the movement 
rate.
The distribution of movement rates was highly skewed towards zero; an 
approximate normal distribution was created through a logarithmic 
transformation on the data. The logarithmic values were used for all 
statistical analyses and back-transformed (Sokal and Rolf 1981) for reporting 
results and display purposes. The movement rates were divided into sex, age, 
and/or season categories for testing various hypotheses. Within a  testing 
period or season (i.e., breeding season), an individual fisher had to have a t least
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three movement rates to be included in the sample for th a t season. Thus, 
animals in  which locations were obtained infrequently were excluded from this 
analysis. To assure th a t the param etric assumption of homogeneity of 
variance was not violated, each subpopulation of data was tested using the F- 
max test (Sokal and Rolf 1981). All subpopulations had homogeneous 
variation a t  the alpha = 0.05 level. Hypotheses were tested using either an 
analysis of variance, or an unpaired, two-tailed t-test.
Activitv Monitoring. For examination of activity levels, animals were 
separated by sex, age, and season. Only animals which had readings in a t least 
36 of 48 half-hour categories within the 24 hour diel cycle for a season were 
used in  the analysis of activity patterns, eliminating animals with only spotty 
or sparse data. Overall activity levels, as expressed by percentage of time 
active in  a 24 hour day, were compared between groups and seasons. Diel 
activity patterns were also seasonally examined by pooling all qualified 
animals, unless a specific hypothesis required looking a t a  particular sex or age 
class. The 24 hour day was divided into four photoperiodic intervals based 
upon the average seasonal nautical twilight times: morning twilight, daylight, 
evening twifight, and nighttime.
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RESULTS 
T rapping, H andling, and R elease
In  both 1990 and 1991, 40 fishers were trapped and transported to 
Missoula, Montana. Trapping success averaged 8 fishers/100 trapnights in 
1990 and 5 fishers/100 trapnights in 1991. It took less than  14 days to 
capture the limit of 40 fishers each year. In both years, excess fishers had  to 
be released a t the site of capture after the limit of 40 animals was reached. 
Traps were thoroughly camouflaged and set away from roads so hum an 
disturbance would be minimal, but one trapped fisher was killed by an 
unknown person in 1991.
A total of 45 females and 35 males was transported from Wisconsin in the 
combined years of 1990 and 1991. The sex ratio was approximately the same 
for the 2 years a t 1:1.35 and 1:1.22 (M:F) for 1990 and 1991, respectively. 
Tooth cementum analysis was performed on teeth from 71 of the 80 animals 
(Fig 2). In 1990, 65.7% of the animals were juveniles (young of the year), none 
of the males were older than  2 years, and the majority of the females (77.3%) 
was less than  2 years old. In 1991, the age distribution was more widely 
spread, with only 27.5% of the animals classified as juveniles. Though there 
were still higher percentages of young males than  females, both males and 
females were captured in 1991 that were older than  2 years. The oldest fisher 
was a male, 8 years old.
22
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Fig. 2. Age distribution from tooth cementum analysis of fishers 
translocated from Wisconsin to Montana in 1990 (n=35) and 1991 (n=36).
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M ost in juries to the fishers occurred during transporta tion  from the 
tra p s ite  to th e  holding facilities. T raps were prim arily located off old access 
roads, an d  th e  anim als fought the cages while being transported  over these 
rough roads. Damage to the anim al's teeth , face and feet could be inflicted 
during  th is  period. The transportation  stress was m arkedly lessened by 
placing a  deep bedding of grass and  tree boughs in  the back of the truck, and 
ensuring  th a t  all anim als were covered. Also, anim als collected in the morning 
were h idden in  the woods and picked up a t the end of the day, decreasing the 
am ount of travel they had to endure on rough roads.
In addition to fishers, several other species of wildlife were caught in  the 
trap s  including pine m arten, skunk (M ephitis m enhitis). raccoon(Procvon 
lotor). and  squirrel. In 1990, pine m arten  caught in  certain sections of the 
trap line  w ere brought to the field station for possible radio-collaring as p a rt of a 
sep a ra te  research  project. All other incidental catches w ere im m ediately 
re leased  a t  th e  site.
The fishers appeared to adap t well to the holding conditions in Wisconsin. 
A fter in itia l attem pts to escape the holding cages, most would lie quietly in or 
behind th e ir  den boxes. Keeping the cages covered and the holding area quiet 
g reatly  reduced the anxiety of the fishers. Most anim als m aintained  their 
h ea lth  throughout the translocation process, and no anim als died before 
arriving in  M ontana. During physical examination of anim als under 
anesthesia , 66 were classified in  excellent or good health, w ith only three 
classified in  poor health. Several of the anim als had  broken teeth , to m  gums, 
scraped noses, or other minor injuries due to fighting the cages.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
25
There w ere two deaths in  1990 after arriv ing  in  M ontana and before 
releasing  the fishers into the wild. An old, em aciated female did no t aw ake from 
th e  anesthe tiza tion  and  a  necropsy showed th is  anim al to have severely 
infected lungs and liver. One adult male died w ithin 48 hours of the  surgical 
im plan ta tion  of the  abdominal transm itter. This anim al appeared to be in  good 
physical condition prior to surgery, though the  teeth  on the right side were worn 
sm ooth and  to the  gum line, and there w ere sores and erosion of the  gums along 
both  sides of the mouth. This animal died while in  a  holding cage in the field, 
and  signs of struggle were apparent in  the  cage, though not outside the  cage. 
The cause of death  could not be determ ined, though it  did not appear related  
directly to the surgical incision or the transm itte r.
Radio-tags were placed on 25 fishers in  1990, 24 of which survived to be 
released into the field. O f these, seven were juvenile females, six were adu lt 
females, seven were juvenile males, and four were adu lt males. Radio-tags 
w ere no t placed on any  anim als in  1991.
Roy (1991) kep t fishers in  captivity for 40 days after arriv ing  in  M ontana 
in  1989. Because of obvious physical and  behavioral changes seen in  the 
fishers afte r even a  few weeks in  captivity (pers. obs.), the total handling  tim e 
for th e  an im als in  1990 and 1991 was m inim ized as much as possible. The 
translocation  tim e period (from capture in  W isconsin to release in  M ontana) 
averaged 17 days for 1990 w ith a m inim um  of 6 days and a m axim um  of 25 
days. In  1991, the  average time was 9 days w ith  a  range of 5 to 19 days. The 
hand ling  tim e in  1991 was greatly reduced from 1990 prim arily because all 
an im als were hard-released.
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M o rta litie s
T here was a  to tal of 14 deaths of 1990 radio-tagged fishers, w ith  the 
h ighest m ortality  ra te s  occurring w ithin the  first 2 m onths following release. 
E igh t an im als died w ithin 2 m onths, all bu t one likely due to n a tu ra l causes. 
One early  dea th  and  six la te r deaths were from hum an causes, e ither trapping 
or research  related.
Two fishers died during the first 2 m onths from predation by large 
carnivores (bear, m ountain  lion, or coyote), and were recovered in  clearings or 
clearcuts. One fisher also probably died from predation, though decomposition 
of th e  body prohibited an  accurate assessm ent of m ortality  cause. Four o ther 
early  m orta lities could no t be recovered because of severe avalanche danger on 
the  steep, open slopes where they  lay. Because these four anim als w ere in 
atypically  open hab ita t, i t  is probable th a t  they  also became victim s of n a tu ra l 
m orta lity  causes, e ither predation or avalanche. The final early m ortality  was 
due to causes related  to the  radio-collar, as discussed below. The eight early 
m ortalities consisted of four juvenile males, th ree adult females, and  one adult 
m ale; of which four were hard-released and four were soft released.
T here were six other known 1990 radio-tagged fishers, as well as one 1989 
radio-collared fisher, killed during this study. Trapping m ortality accounted for 
th ree  know n deaths of 1990 fishers. Injuries from radio-collars were probable 
causes in  four deaths, including one occurring w ithin the first two m onths 
following release. Additionally, the 1989 fisher m ortality was due to the radio- 
collar becoming caught on a branch in a  tree. Appendix C describes the 
circum stances of all m ortalities and the findings from necropsies.
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Extensive a ttem pts were m ade to recapture all known radio-collared 
fishers  from  Ju n e  to A ugust, 1991. Because the  use of box-traps appeared  to 
cause a t  lea s t two fishers to leave areas of norm al use, padded no. 1 1/2 
legholds w ere used in  recapture attem pts. A bundant alternative food sources 
an d  co n stan t tra p  h arassm en t by bears severely lim ited success and  only two 
of six radio-collared fishers were recaptured. Fem ale fisher 0050 was captured 
in  A ugust and  had  skin irrita tion  to the neck area. The collar was removed and 
she w as kep t in  captivity for 36 hours, during which the irrita tion  to the neck 
quickly subsided and  she was released in her previous homerange. Female 
fisher 1150, released in  1989, was recaptured in  la te  A ugust and did not have 
any  ap p a ren t ill effects from the radio-collar. The collar was removed and she 
w as re leased  a t  the  site of capture.
P o st-R e lea se  D isp era l an d  M ovem ent P a ttern s
D ispersal and m ovem ents of radio-tagged fishers were followed through 
triangu la tion  or aerial locations. These locations were analyzed on the GIS to 
eva lua te  spatial and tem poral patterns of dispersal in  the  translocated fishers. 
As expected, there w as no single or simple p a tte rn  of space use, as each 
individual anim al responded differently to the translocation.
Some anim als (n=14) did not im mediately disperse from the general 
re lease vicinity, rem aining within 4 km  of the  release site. Seven of these 
an im als died w ithin the  first two months. The o ther 10 anim als dispersed 4 to 
18 km . One of these dispersers died within 7 days of release and was found 7.5 
km  from  the  release site. Three anim als dispersed relatively short distances
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betw een  4.4 and 5.6 km, and were still located w ithin the core study area  after 
d ispersal (considered the Bull River Valley and im mediate drainages). The 
o ther six anim als travelled longer distances betw een 9.4 and 18.0 km  before 
settling . Even w ith  these longer movements, two anim als rem ained w ithin the 
core study  area, while the other four were located within the general region and 
w ere close enough to allow continued monitoring. AU fishers were sedentary 
w ith in  45 days of release.
AU surviving fishers rem ained sedentary for several weeks through the 
w inter. Only two fishers rem ained in  these in itial use areas to become 
perm an en t residents, while the other fishers m aintained tem porary residencies 
th rough  the  w inter and  eventually abandoned the area. Some of the  anim als 
dispersed only a few km  before settling again into either a  perm anent or 
tem porary  residency, while others undertook long dispersals. It appeared  th a t 
anim als which had  long in itial dispersals tended to have long secondary 
d ispersals if they  dispersed a t all. However, some anim als who had  not 
d ispersed or dispersed short distances undertook long dispersals in  the early 
spring  breeding season. Eventually, aU anim als th a t rem ained in  the study 
a rea  appeared  to settle  into an  apparently perm anen t residency by la te  spring, 
w ith  th e  exception of one female th a t continued to display a  shifting p a tte rn  of 
tem porary  residencies un til her death in  Ju ly , 1991. By the sum m er of 1991, 
seven fishers were left in  the area from the  1990 release and two fishers from 
th e  1989 release. Seven of the nine anim als were located in  the core study 
area , while two where located in  one drainage south of the Bull River Valley. 
These anim als appeared stable through the  end of the monitoring period 
(A ugust 1991).
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Eight Emimals from the 1989 release were monitored during this study.
All exhibited central tendency behavior, though only two (1150 and 1198) were 
located in the study area and monitored regularly after September 1990.
These two were both females and were stable for the duration of the 
monitoring, though 1150 did travel 32.0 km north after 19 January 1991 and 
was not found back in her normal use area until 1 April 1991. There were 
three other females and two males monitored from the 1989 release. Two 
females (0170 and 1160) and one male (0070) were several kilometers from 
the study area, and though they were found in the same area from June 1990 
to the last attempt to locate them in April 1991, monitoring was infrequent. 
Another female was found dead soon after monitoring began in June 1990, and 
two implanted animals (one female, one male) had transm itter batteries expire 
in August 1990 after only 2 months of monitoring.
H om erange and Core Activity Areas
A total of 1,316 radio-telemetry locations were gathered on 32 fishers 
from May 1990 through August 1991. Of these, 1,313 met independence 
requirements of being at least 12 hours apart. There were 242 locations 
collected in this study on the eight fishers from 1989, most of which were from 
two females (n= 179) located within the study area. Both 1989 and 1990 
fishers were used in analysis if the data were available and the hypotheses 
appropriate.
Plotting sample size vs average 90% utilization volume area estimated 
using adaptive kernel analysis of bivariate normal and uniform random
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sam ples resu lted  in  sim ilar histogram s, w ith asym ptotes occurring a t  a 
sam ple size of approxim ately 25. The m ost rap id  increase in  area occurred 
betw een  th e  sam ple sizes of 6 and  12. At a sam ple size of 12, the average 
re su lt  w as less th an  15% sm aller th an  a t th e  asym ptote. For example, the 
average 90% utilization volume area estim ated for the  bivariate norm al w ith  a 
sam ple size of 25 w as 11.8 km^; w ith a sample size of 12, the  estim ate w as 
10.4 km2. This degree of b ias is probably of m inor significance w hen com pared 
to o ther possible errors in  the  data  collection and analysis procedures, and  is 
probably of m inor biological significance. Therefore, 12 was chosen as the  
m inim um  sam ple size needed to estim ate hom erange area w ith the adaptive 
kernel method.
P erm an en t and Seasonal Homerange Sizes. A perm anent hom erange w as 
defined by an  anim al th a t  did not abandon the  area  for the duration of the  
m onitoring, or died w ithin  the area after occupying i t  for a t least four m onths. 
T here were seven females (including two from the  1989 release) and two m ales 
th a t  a tta in ed  perm anent residency status (Tables 1 and 2), w ith m edian 
hom erange sizes of 17.5 and  85.2 km^, respectively. This difference in  size 
betw een m ales and fem ales is not statistically significant (M ann-W hitney, z = 
1.575, p  = 0.39).
Seasonal hom eranges were estim ated for an im als th a t rem ained 
seden tary  for the duration  of the season and had a t  least 12 locations during  
the  period (Tables 2 and 3). There were nine females and five m ales th a t  
m ain tained  homeranges during the winter season and  had enough locations for 
size estim ation. The m edian w inter homerange sizes were 17.8 km^ for
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T ab le  1. P erm anen t hom erange sizes (in km^) for translocated  fishers in  the  
C ab in e t M ountains (May, 1990 - August, 1991). P erm an en t hom eranges w ere 
n o t abandoned by the anim al during the monitoring or were occupied for a t  
le a s t 120 days prior to the d ea th  of the resident or th e  end of the m onitoring 
season. D ays is the  total days the  anim al occupied the  hom erange during the 
m onitoring  period. Count is the  num ber of locations obtained on the anim al in  
th e  p e rm an en t hom erange. Homerange size is the  90% utilization volume
A nim al Sex______ Period Monitored______ D ays C ount Homerange Size
0050 F 28 Dec 90 - 10 Aug 91 225 85 9.7
0065 M 3 Dec 90 - 13 Ju n  91 192 64 105.3
0145 F 24 Feb 91 - 20 Aug 91 177 68 13.0
0219 F 25 J a n  91 - 18 Aug 91 205 64 75.3
0251 F 17 Dec 9 0 - 8  Aug 91 234 75 14.0
0491 F 17 Nov 90 - 21 Aug 91 277 87 45.7
0986 M ID e c  9 0 -2 1  Aug 91 263 30 65.1
11501 F 29 Aug 90 - 19 Aug 91 355 78 17.3
11981 F 18 J u n  9 0 - 9  Ju l 91 386 101 17.4
1 A nim als monitored during th is  study which were released in 1989.
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Table 2. M edian and  range of m ale and female fisher homerange (90% 
u tiliza tion  volume) estim ates (in km2) for seasonal and annual periods using  
th e  adaptive kernel m ethod. Refer to the tex t for definitions of the tem poral
M ales Fem ales
S eason N M edian Range N Median R ange
W inter 5 18.3 3.6 - 27.0 9 17.8 1.8 -38.6
Breeding 2 63.85 28.4 - 99.3 7 10.3 5.3 - 81.6
P-Breed, 3 77.2 25 .6 - 108.1 9 14.4 1 0 .8 -4 1 .8
P erm an e n t 2 85.2 65.1 - 105.3 7 17.3 9.7 - 75.3
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Table 3. Seasonal hom eranges for translocated fishers. C ount is the  num ber 
of locations in  the indicated seasonal homerange. Refer to tex t for tem poral 
definition of seasons. Hom erange size is the 90% utUization volume (in km^)
Anim al Sex Count Season H om erange Size
0251 F 17 winter 4.9
0050 F 14 w inter 7.1
1198 F 31 w inter 1.8
0192 F 26 winter 35.5
0212 F 30 w inter 17.8
0111 F 32 winter 24.5
1286 F 30 winter 16.8
0367 F 16 winter 38.6
0491 F 28 winter 20.8
0006 M 17 winter 18.3
0065 M 22 w inter 3.6
0031 M 22 w inter 10.9
0106 M 25 winter 19.2
0591 M 29 winter 27.0
0145 F 17 breedir^ 14.4
0050 F 22 breeding 5.3
1198 F 20 breeding 6.1
0491 F 12 breeding 6.3
0192 F 14 breedir^ 48.1
0219 F 17 breeding 81.6
0367 F 17 breeding 19.6
0065 M 20 breeding 99.3
0106 M 12 breeding 28.4
0145 F 51 post-breed. 11.0
0219 F 47 post-breed. 12.1
01701 F 12 post-breed. 7.2
0251 F 53 post-breed. 15.0
0050 F 49 post-breed. 10.8
11982 F 53 post-breed. 25.1
11502 F 67 post-breed. 14.4
0491 F 47 post-breed. 41.8
11601 F 12 post-breed. 18.1
0065 M 41 post-breed. 108.1
0986 M 17 post-breed. 77.2
00701 M 15 post-breed. 25.6
1 D a ta  from
2 D a ta  from
the post-breeding season of 1990
the post-breeding seasons of 1990 and 1991.
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fem ales and  18.3 km^ for males. Extensive inter- and  in tra-sexual overlap 
occurred in  all seasonal hom eranges.
D uring  the  breeding season, one adult male and one juvenile m ale had  
enough locations to estim ate hom erange size. The hom erange sizes were very 
d ifferent w ith  the adu lt having a  greatly expanded range of 99.3 km^ and  the 
juven ile  using  a  28.4 km^ area. The combined m ale m edian  hom erange was
63.8 km 2 . There were seven hom erange estim ates for fem ales during  the 
b reeding  season, w ith a  m edian of 10.3 km2 and a range of 5.3 - 81.6 km^. The 
difference betw een male and female breeding season hom eranges was 
s ta tis tica lly  reliable (M ann-W hitney, z = 1.567, p = 0.06). W hen separated  by 
age, th e  th ree  adu lt females had  a  m edian homerange size of 6.3 km^ w ith  a 
range of 6.1 - 19.6 km^, while the four juvenile females had  a  m edian size of
31.2 km2 w ith  a range of 5.3 - 81.6 km^. This difference w as not significant 
(M ann-W hitney, z = 0.707, p = 0.24). Two other adu lt fem ales m ade long 
excursions during the  breeding season. One of these fem ales (1150) was gone 
the  en tire  breeding season, while the other female (0251) w as gone for short 
periods, alw ays re tu rn ing  to h e r home area.
T he m edian post-breeding hom erange size for n ine females was 14.4 km^, 
w ith  a  range  of 10.8 to 41.8 km^. This included two estim ates based on da ta  
from 1990, two females w ith d a ta  from 1990 and  1991, and  five fem ales w ith 
d a ta  from  1991. The th ree m ale post-breeding hom erange estim ates (one from 
1990, two from  1991) had  a  m edian of 77.2 km^ (25.6 km ^ - 99.3 km^).
Though sam ple size is small, th e  size differences betw een the sexes is 
significant (M ann-W hitney, z = 2.24, p = 0.01).
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Core Activitv Area Sizes and  Overlap. Core activity  a reas were defined as the 
50% u tilization  volume area, determ ined by the  adaptive kernel m ethod. Core 
activ ity  areas, shapes, and  spatial distributions were deterrnined on a  seasonal 
basis to exam ine possible tem poral shifting in  use patterns.
D uring the  w inter, five m ales had a  m edian core activity a rea  size of 4.0 
km2, w ith  a  range of 0.53 to 6.5 km^. This size expanded during the breeding 
(n=2) and  post-breeding (n=3) season to 16.4 and  13.5 km^, w ith ranges of 9.0 -
23.8 km2 and  6.4 - 31.0 km^, respectively. The extrem e seasonal changes in  
size of core a rea  use w as not seen with females. The m edian w in ter activity 
a rea  size w as 2.7 km^ for eight females (range was 0.6 - 7.1 km^). D uring  the 
breeding  season, the  m edian was 1.3 km^ w ith  a  range of 0.9 - 44.0 km^ for six 
fem ales. D uring post-breeding, seven females had  a m edian core activity  area 
of 2.4 km2 w ith a  range of 1.8 - 7.7 km^.
B oth in ter- and in tra-sexual overlap w as p resen t in  all seasons a t  the 90% 
u tihza tion  volume area. Intersexual overlap w as still high a t  the  50% 
utU ization volume area, b u t intrasexual overlap was minimal. D uring the 
w inter, two females shared  a 1.0 km^ area , which was also shared partly  w ith 
a  m ale (Fig. 3). This m ale's core activity a rea  partia lly  overlapped a  to ta l of 
four fem ale core activity areas. Two o ther m ales had core areas overlapping 
one fem ale each. D uring the breeding season, one adu lt m ale's core area  
encom passed five fem ale core areas (Fig 4), and  h is 90% contour encom passed 
a  six th  female. Additionally, an  seventh fem ale activity area  was 
encom passed by th is  m ale, b u t too few locations prevented calculation of 
u tiliza tion  volume areas of the female. Five of the  females used only sm all core
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Fig. 3. Core activ ity  a rea s  for re in tro d u ced  fishers du ring  th e  w in te r (1 
D ecem ber 1990 to  14 F ebruary  1991) in  the  C ab inet M ountains. All 
an im a ls  a re  from th e  November 1990 re lease  except 1198 w ho w as 
re leased  in  1989. Core activity a re a  sizes determ ined  a s  th e  50%  
u tiliza tio n  volum e a rea s  u sing  adap tive kerne l analysis.
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Fig. 4. Core activity a reas for re in troduced  fishers du ring  th e  b reed ing  
se a so n  (15 F ebruary  1991 to 31 M arch 1991) in  the  C ab inet M ountains. 
All an im a ls  are  from  the  November 1990 release except 1198 w ho w as 
re leased  in  1989. Core activity a re a  sizes deterrnined a s  th e  50%  
u tiliza tio n  volum e a rea s  using  adap tive  kernel analysis.
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areas  w ith in  the  m ale core area  which were several kilom eters d is tan t from 
la rg e r core areas. Another fem ale (0219) enlarged h er hom erange greatly  
during  th e  breeding season, resulting in  the overlap w ith the male. Because of 
shifts in  core areas during the breeding season, extensive in trasexual overlap is 
seen in  th e  females. The wide ranging female (0219) alm ost completely 
overlapped ano ther female's core area, as well as overlapping a  large portion of 
a  second fem ale (0145) hom erange. Fem ale 0145 was also overlapped by two 
o ther fem ales. The m ajority of the overlapping occurred w ith in  the  male's core 
area.
A fter the  breeding season, core areas shifted and  one female dispersed 
from  the  a rea  resulting in  no in trasexual overlap (Fig. 5). The m ale m aintained 
a  large core a rea  which overlapped th ree  female core areas.
Com parisons w ith  Idaho and M aine Fishers. Homerange (90%) and 50% 
activ ity  a reas were recalculated for fishers in  Idaho (Jones 1991) and  fishers in 
M aine (A rthur et al. 1989) using the adaptive kernel m ethod (Table 4), A rthur 
et al. estim ated  homeranges using the summer/fall m onths from April through 
Decem ber; comparable seasonal hom eranges were calculated from my data  
and  from  Jones' da ta  using April - November.
F or th is  period, seven M ontana female fishers showed a  m edian 90% 
u tiliza tion  volume area  of 14.4 km^ and  a  m edian activity a rea  size of 2.4 km^. 
The four Idaho females had m edian 90% and 50% utilization volume areas of
25.2 an d  7.1 km^, respectively, and  the  six Maine fem ales had  a m edian 90% 
u tiliza tion  volume area of 11.1 km^ and  a  m edian activity area  size of 2.0 km^. 
Though Idaho females used larger areas, the difference betw een core area  size
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3 9
F e mo I e  s 
Mo l e s
1 : 200.000
% 0145
( 1198
V 0219
1150
0491
0986
Fig. 5. Core activity areas for reintroduced fishers during the post-breeding
season (1 April 1991 to 21 August 1991) in the C abinet M ountains. All 
an im als are from the  November 1990 release except 1198 and 1150 who were 
released in  1989. Core activity area sizes determ ined as the 50% utilization 
volume areas using adaptive kernel analysis.
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T able 4. M edian 50% and  90% utilization  volum es for female fishers 
m onito red  in  th ree  d ifferent studies using th e  adaptive kernel m ethod  to  
e s tim a te  contours. S tudy  refers to the  s ta te  in  w hich the  independen t
S tudy N
50% U tilization 
Volumes (km^)
90% U tilization  
Volumes (km%)
M edian Range M edian R ange
M ontana 7 2.4 1.8 - 7.7 14.4 10.8 - 41.8
Idaho  ̂ 4 7.1 1 .4- 11.0 25.2 5.1 - 41.0
M aine2 6 2.0 1.3- 7.1 11.1 8 . 2 - 3 1 . 6
1 D a ta  from  Jones (1991)
2 D a ta  firom A rth u r e t al. (1989)
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of th e  Idaho and M ontana fishers was not statistically  significant (Mann- 
W hitney, p=0.13). Because the difference was not significant and  comparison 
betw een  w estern  and eastern  fishers w as desired, the females from M ontana 
and  Idaho were combined and compared w ith Maine females. Again, the 
difference w as not statistically  reliable (p=0.10). W hen only Idaho females 
w ere used  to compare w ith M aine females, the  difference rem ained statistically  
insignificant (p=0.10).
M ales varied  greatly  in  size of activity areas betw een populations w ith 
th ree  M ontana m ales having a m edian size of 22.2 km^ (range of 6.4 - 31.0 
km2), four Idaho m ales having a m edian size of 5.55 km^, and  seven M aine 
m ales hav ing  a  m edian size of 2.8 km^. Because of my sm all sam ple size and 
extrem ely large estim ates for m ale activity areas, I com pared only Idaho and 
M aine data . The difference between these two populations was insignificant 
(p=0.25).
H ab ita t U se
H ab ita t use was evaluated by exam ining the  elevation, slope, aspect, 
d istance to w ater, and distance to various types of w ater for anim al locations 
versus random  locations. All h ab ita t variables were obtained from USGS 
D igital E levation Models and hydrology models through the GIS program  
PAMAP. S tudy  a rea  h ab ita t characteristics were represented  by 473 random  
points. Anim al locations meeting independence requirem ents, and  falling 
w ith in  th e  study area  were used for the analysis of h ab ita t selection. There 
w ere 26 an im als represented with a total of 1,087 independent locations. Two
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of th e  26 anim als were from the 1989 release, while 24 anim als were released 
in  1990.
Elevation. Males and females used elevation differently (X^ = 15.88, d f = 1, p < 
0.0001), as did juveniles and  adults (X^ = 4.07, d f = 1, p -  0.046). But, the 
differences were due to unequal sampling through seasons, and became 
insignificant (X^ tests for homogeneity, p < 0.05) w hen examined w ith the 
seasonal variability  blocked. Therefore, sex and  age categories were pooled for 
fu rth e r analysis.
E levation use w as divided into four seasons (Table 5). The fishers selected 
elevation significantly different from expected during all seasons (Table 6). 
E levation was used in  a  sim ilar m anner during the post-release and w inter 
seasons (Table 7). There w as a  large shift in  elevation use betw een the post- 
release/w inter and breeding/post-breeding periods (Pig. 6). The post-release and 
w in te r seasons saw a  significant selection of mid-elevations, neu tra l selection 
of lower elevations, and  avoidance of high elevations. During and after the 
breeding season, there w as a  strong selection for low elevations and avoidance 
of high elevations.
Anim als selected different elevations for resting  and activity periods (X^ = 
12.0, d f = 2, p = 0.03). R esting anim als selected elevations from 600 to 1,200 
m. Active anim als strongly selected elevations betw een 600 and 800 m, w ith  
selection continuing to 1,000 m. Elevations above 1,200 m  were avoided by 
both  resting  and active anim als. A comparison of resting  and activity selection 
show ed th a t  the  lowest elevations (600-800 m) were used more for activity 
(e.g. foraging) th an  for resting, and resting was spread over a  wider a rray  of
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I Table 5. Distribution of random locations and seasonal fisher locations through elevation categories as determined by GIS modelling. Refer to text for temporal definition of seasons. Number in parentheses is the
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ELEVATION (m) RANDOM SEASONS
POST-RELEASE W INTER BREEDING POST-BREEDING
600-800 18.2% (86) 14.8% (17) 20.8% (60) 50.5% (96) 54.8 (270)
800-1000 18.4% (87) 25.2% (29) 24.6% (71) 31.0% (59) 24.5 (121)
1000-1200 13.1% (62) 26.1% (30) 24.6% (71) 9.0% (17) 9.9 (49)
12-1400 19.0% (82) 23.5% (27) 18.3% (53) 7.9% (15) 4.3 (21)
1400-1600 17.3% (82) 8.7% (10) 8.7% (25) 1.6% (3) 5.1 (25)
> 1 6 0 0 14.0% (66) 1.7% (2) 3.1% (9) 0.0% (0) 1.4 (7)
TOTAL 100% (473) 100% (115) 100% (289) 100% (190) 100% (493)
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T able 6. R esults from  separa te  chi-square te s ts  (each w ith  d f = 5) com paring 
seasonal use  of elevation  by fishers in  the C abinet M ountains to availab ility  as 
de term ined  fi'om 473 random  locations. Refer to tex t for tem poral definition of 
seasons. C ount re fers  to  num ber of anim al locations used in  each analysis.
S E A S O N C O U N T C H I-S Q U A R E P -V A L U E
Post-R elease 1 1 5 3 0 . 0 2 3 0 . 0 0 0 1
W inter 2 8 9 4 8 . 5 1 6 0 . 0 0 0 1
B reeding 1 9 0 1 2 6 . 8 6 4 0 . 0 0 0 1
Post-B reeding 4 9 3 2 2 2 . 8 0 4 0 . 0 0 0 1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
45
T able 7. R esults from  separa te  chi-square te s ts  for differences in  selection of 
e levation  betw een seasons for translocated fishers in  the  C abinet M ountains. 
T here  a re  5 degrees of freedom  in  each te s t, based  on the 6 elevational 
categories used  in  th e  analysis. Refer to th e  te x t for tem poral definition of 
seasons. N um ber in  paren theses is the sam ple size for th a t  season.
Com pared Seasons C hi-Square P-V alue
Post-R elease (115) / W in ter (289) 3.301 0.6536
Post-R elease / B reeding (190) 63.658 0.0001
Post-R elease / Post-B reeding (493) 96.131 0.0001
W in ter / Breeding 72.718 0.0001
W in te r / Post-Breeding 119.707 0.0001
B reeding  / Post-Breeding 13.02 0.0232
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Fig. 6, Seasonal elevation selection of fishers re in troduced  into the  C abinet 
M ou n ta in s  as determ ined using  the M arcum  and  L oflsgaarden (1980) 
nonm app ing  technique. The top graph shows selection during the  post­
re le ase  an d  w inter seasons while the  lower graph  shows selection during  
th e  b reed ing  and post-breeding seasons. Refer to tex t for tem poral 
defin ition  of seasons. The horizontal dashed line a t  zero represen ts no 
selection. The confidence in tervals  are Bonferonni 95% norm al 
approxim ations.
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elevation  (Pig, 7). Exam ination of selection differences betw een resting  and  
active an im als by season revealed no significant resu lts.
Slope. F ishers did not use slope randomly during the w inter, breeding and post- 
b reeding  seasons, b u t did during the post-release period (Table 8). Though 
slope w as not used random ly during the winter, i t  also w as not used 
s ta tis tica lly  different from the nonselective use during  the  post-release period 
(Table 9). There were significaint seasonal differences of slope use between all 
o ther seasons. While fla t and  shallow slopes were used in  proportion to the ir 
ava ilab ih ty  in  the w inter, there  was selection for steep an d  extremely steep 
slopes an d  avoidance of m oderate slopes (Fig. 8). A large shift in  p a tte rn s  of 
slope use occurred betw een the  post-release/winter periods and the 
breeding/post-breeding periods. Fishers selected flat areas during the breeding 
season, avoided areas of m oderate slope, and used shallow, steep, and extrem e 
slopes in  proportion to th e ir availability. A strong selection for flat areas 
continued post-breeding, while shallow and m oderate areas were avoided, and 
steep  and  extreme areas were used neutrally.
Active fishers (n=581) used slope differently th a n  resting  fishers (n = 507; 
= 16.9, d f = 4, p = 0.002). W hen broken into seasons, only during the  w inter 
season did the  active (n=171) and resting (n=184) fishers select different slopes 
(X2 = 13.4, df = 4, p = 0.009). Active anim als selected the  flat areas more th an  
resting , while resting anim als were more often found on shallow gradients (Fig. 
9).
Aspect. Selection for aspect w as apparen t during all seasons (Table 10).
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F ig  7. E levational use by resting  and active fishers displayed as 
percentage of to tal use for each activity catagory. P-values indicate 
level of significant differences found in individual z-tests in 
sim lu taneous com parisons (num ber of com parisons = 6).
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T able 8. S epara te  chi-square tes ts  (each w ith  d f = 4) comparing fisher 
seasonal use of slope in  th e  C abinet M ountains to availab ih ty  as determ ined  
from  473 random  locations. Refer to tex t for tem poral definitions of seasons.
SEASON COUNT CHI-SQUARE P-VALUE
Post-R elease 115 0.72 0.95
W in ter 289 30.83 0.0001
B reeding 190 37.19 0.0001
P ost-B reeding 493 97.90 0.0001
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
50
T ab le  9. R esults from sep ara te  chi-square tes ts  for differences in  selection of 
slope betw een seasons for translocated  fishers in  th e  C abinet M ountains. 
T h ere  a re  four degrees of freedom  in  each test, based  on th e  five slope 
categories used  in  the  analysis. Refer to the  tex t for tem poral definition of
Com pared Seasons C hi-Square P-Value
Post-R elease (115) / W inter (289) 7.793 0.1077
Post-R elease / Breeding (190) 18.45 0.0010
Post-R elease / Post-Breeding (493) 34.215 0.0001
W in te r /  Breeding 30.541 0.0001
W in te r /  Post-Breeding 76.278 0.0001
B reeding  / Post-Breeding 13.284 0.0100
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Fig 9. Slope use by resting  and  active fishers in  th e  C abinet M ountains, 
d isp layed as precentage of to ta l use in each activ ity  catagory. P-values 
ind icate  level of significant differences found in  indiv idual z-tests in  
sim ultaneous com parisons (num ber of com parisons = 5).
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T able 10. S eparate  chi-square tes ts  (each w ith  d f = 3) com paring seasonal use 
of asp ec t by fishers in  th e  C abinet M ountains to availab ih ty  as determ ined 
from  473 random  locations. C ount refers to  th e  num ber of an im al locations
SEASONS COUNT CHI-SQUARE P-VALUE
Post-R elease 105 27.42 0.0001
W in te r 250 27.17 0.0001
B reeding 133 37.47 0.0001
Post-B reeding 299 42.13 0.0001
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F ishers selected aspect difFerently during the post-release period th an  during 
breeding or post-breeding seasons; aspect was selected sim ilarly during o ther 
seasons (Table 11). N orth  facing slopes were selected and  w est facing slopes 
w ere used  random ly throughout of the year (Fig. 10). South facing slopes were 
used random ly during the  post-release and w inter periods, b u t avoided during 
breeding and  post-breeding seasons. While east facing slopes were avoided 
during the  post-release period, they were used neutrally  during winter, breeding, 
and  post-breeding seasons. There were no differences in  aspect selection 
betw een resting  and active fishers (X^ = 1.78, df -  3, p = 0.62).
D istance to w ater. F ishers were located closer to w ater th a n  were random  
points (X2 = 46.8, df = 4, p = 0.0001). While 65.0% of the  fisher locations were 
w ith in  200 m  of w ater, only 47.6% of the random  points fell th is close (z = 6.39, 
sim ultaneous comparison p< 0.001). The fishers avoided areas th a t  were 
g rea te r th a n  200 m  up to 600 m  from w ater, and used a reas g rea ter th an  600 
m  from  w ater in proportion to availability (Fig. 11).
In exam ination of seasonal use, no significant selection for areas in 
relation to w ater was found during the post-release period. D uring the winter, 
breeding, and  post-breeding seasons, areas w ithin 200 m  of w ater were 
strongly selected, while areas between 200 and 600 m  of w ater were avoided. 
D uring th e  breeding seasons, when 71.6% of the locations were w ithin  200 m of 
w ater, th e  fishers also avoided areas between 600 and 800 m from w ater.
F ishers selected areas close to perennial stream s, rivers, m arshes and 
lakes (Table 12). Although 36% and 64% of the  fisher locations were w ithin
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T able 11. R esults from separate  chi-square te s ts  for differences in  selection of 
aspec t betw een seasons for translocated  fishers in  the  C abinet M ountains. 
T here  a re  th ree  degrees of freedom  in  each tes t, based  on th e  four elevational 
categories used  in  the analysis. Refer to the  tex t for tem poral definition of
Com pared Seasons C hi-Square P-Value
P ost-R elease (105) / W inter (250) 6.215 0.1016
Post-R elease / Breeding (133) 9.263 0.0260
Post-R elease / Post-Breeding (299) 12.867 0.0049
W in ter /  B reeding 4.468 0.2151
W in ter / Post-Breeding 5.189 0.1585
B reed ing  / Post-Breeding 1.263 0.7379
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
56
0.5
I
1
Selected
I
Post-Release
W inter
r i T T
Avoided
-0.5
N orth E ast South
---- 1—
W est
G
1
0 .5
Selected
I
Breeding
Post-Breeding
0
I T
Avoided
-0 .5
I
N orth E ast South W est
Aspect
Fig. 10. Seasonal use of aspect by reintroduced fishers in  the  C abinet 
M ountains. The line a t  zero represents nonselection. The confidence 
in te rv a ls  are 95% Bonferonni norm al approxim ations. Refer to tex t an d  Fig 
6 for fu rth e r explanation.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
57
I
I
I
I
Avoided
0-200 201-400 401-600 601-800
D istance from w ate r (in m eters)
>800
Fig 11, Selection of distances to w ater (all classifications) for fisher 
reintroduced in to  the  Cabinet M ountains. The line a t  zero rep resen ts  
nonselection. 95% confidence in tervals a re  Bonferonni norm al 
approxim ations. Refer to tex t and Fig. 6 for fu rth e r explanation.
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Table 12. Resiolts of the  chi-square tests  for selection of d istances to various 
types of w ater. 1049 fisher locations were pooled for com parison to 473
W ater Type C hi-Square P-Value
R ivers 40.5 0.0001
P eren n ia l S tream s 102.5 0.0001
M arshes 35.3 0.0001
P eren n ia l Lakes 19.2 0.0007
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200 an d  400 m  of in te rm itten t stream s, respectively, th is  w as not significantly 
d ifferent from  random  distances.
F ishers selected areas less th a n  400 m from perennial stream s, while 
d istances betw een 400 and 600 m  were used in  proportion to availability and 
d istances g rea ter th an  600 m  were avoided. On a  seasonal basis, distances 
less th a n  200 m eters were significantly selected during all tim es of the year 
(Fig. 12). D uring the post-release period, distances betw een 400 and  800 m  
from  perennial stream s were used in proportion to availability, while distances 
g rea te r th a n  800 m  were avoided. W inter and breeding seasons saw a sim ilar 
p a tte rn  except distances g rea te r th an  600 m from perenn ial stream s were 
avoided. Post-breeding, fishers selected areas up to 400 m  firom stream s.
Rivers appear to be im portan t during the breeding and post-breeding 
seasons; there  was no significant selection during the post-release and w inter 
periods. During breeding, areas w ithin 200 m  of rivers were strongly selected, 
w hile a reas up to 600 m away were m arginally selected and areas greater th an  
800 m  w ere avoided. The post-breeding season had  a  sim ilar pattern , w ith 
a reas  up  to 600 m  selected, and  areas greater th an  800 m being avoided.
M arshes and lakes were probably im portant to individual anim als th a t 
h ad  access to them. D istances up  to 800 m  from m arshes were significantly 
selected and  areas beyond were avoided. F ishers selected areas w ithin 200 m 
of lakes, used distances betw een 200 and 800 m  in  proportion to availability 
an d  avoided areas greater th a n  800 m eters from lakes.
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
61
M o v em en t R ates
F rom  th e  location data, 1063 m ovem ent ra te s  were calculated, 
rep resen ting  26 fishers. W hen separated  based on season, significant 
differences were seen (ANOVA, F = 6.322, d f = 3, p = 0.0003). Also there  were 
differences in  movement ra tes  betw een sex and  age categories (F = 3.834, p = 
0.01). Therefore, the  movement ra tes were separated  in  sex and  age 
categories by season for the  testing  of various hypotheses.
D uring  the two week post-release period, 10 soft-released (510 m/day, n= 
63) an d  10 hard-released anim als (693 m/day, n=70) did not move a t 
s ta tis tica lly  different ra tes (t = -1.66, d f = 131, p = 0.10). The sex and age of an  
individual m ay be more im portant in  determ ining its  reaction to the 
transloca tion  th a n  is release type. Ten females (n= 69) moved a t  a g rea ter 
ra te  (708 m/day) than  10 m ales (501 m/day, n=64), w ith sta tistica l reliability  
(t = -1.89, d f = 131, p = 0.06). The 11 juveniles (571 m/day, n  = 73) did not 
move differently th an  the nine adults (635 m/day, n= 60) during the im m ediate 
post-release period (t = 0.57, df = 131, p = 0.57). Using one factor ANOVA, 1 
exam ined th e  possibility of interactions between sex and age th a t m ay have 
contribu ted  to movement ra te  differences during the  post-release period. There 
w ere no significant differences when anim als were grouped both by sex and  age 
(ANOVA, F  = 1.24, df = 3, p = 0.30), though juvenile and adu lt females moved 
m ore th a n  th e  males, and adu lt females had  the  h ighest m ovement ra tes  
(Table 13).
In  com paring post-release m ovem ent ra te s  (600 m /day, n=133) to 
m ovem ent ra te s  of the other th ree seasons through m ulti-com parison F isher
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T able 13, Post-release and  w inter season (1990-91) m ovem ent ra te s  (back- 
tran sfo rm ed  log) and  th e ir  differences by sex and  age categories of fishers. N 
refers to th e  num ber of fishers in  the sam ple while Count refers to th e  pooled 
n u m b er of m ovem ent ra te s  used to obtain th e  m ean  for th e  season.
Post-Release W inter
C lass
N C ou n t
M vm t.
R a te
(m /d ay) N C o u n t
M vm t.
R a te
(m /d ay)
Difference 
(P o s t  R el.-  
W in ter )
A d u lt  M a le s 4 2 6 5 3 7 . 0 4 6 2 3 6 9 . 8 1 6 7 . 2
J u v . M a le s 6 3 8 4 7 8 . 6 3 3 2 6 0 2 . 6 - 1 2 4 . 0
A d u lt  F e m a le s 5 3 4 7 2 4 . 4 7 1 1 9 3 2 3 . 6 4 0 0 . 8 *
J u v . F e m a le s 5 3 5 6 9 1 . 8 6 9 4 6 1 3 . 8 7 8 . 0
SignifîcÊUit difference, t-test, p= 0.0004
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tes ts , only the  m ovem ent ra tes in  the w inter (431 m/day, n=307) were 
significantly different (p< 0.05). All age and  sex categories reduced their 
m ovem ent ra te s  in  the w inter except juvenile m ales, who increased the ir 
m ovem ent ra te s  (Table 13). M ulti-com parison F isher tes ts  show th a t  the  only 
significant, w ithin category, change in  movem ent ra te  w as in  adu lt fem ales (p< 
0.05).
The m ovem ent ra tes of 20 anim als in  the w inter were significantly lower 
th a n  breeding (640 m/day for 15 anim als, n  = 184) and post-breeding (582 
m /day for 16 anim als, n=439) m ovem ent ra te s  (m ulti-com parison F isher tests , 
p< 0,05; Fig. 13). Breeding and post-breeding movements for anim als were 
similar.
A nim als reacted differently to the seasons based on th e ir  sex and age (Fig. 
14). Juven ile  m ales m ain tained  approxim ately the sam e m ovem ent ra tes  
th rough  the  th ree seasons. Juveniles females moved a t  a  sim ilar ra te  to 
juvenile m ales, except during the breeding season when juvenile females 
increased  movements. Both adu lt males and  females had  lower movement 
ra tes in  the w inter compared to juveniles. The one adult m ale monitored during 
the  breeding season had highly variable movement ra tes, w ith a very large 
average ra te  (n = 18). This m ale decreased his movement ra te  after breeding 
b u t still m aintained a  higher movement th an  during the  winter. Adult females 
showed a  steadily increasing movement ra te  through breeding and thereafter.
A ctiv ity  P attern s
Seasonal Activitv Levels. Activity da ta  were collected from late  October, 1990
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Fig 13. Average seasonal movement ra te s  for radio-tagged fishers in  
1990-91, w ith 95% confidence in tervals from  norm al approxim ations. The 
m ean  and  upper confidence lim it are from  back-transform ed logarithm s. 
The lower confidence in terval is the  sam e as th e  upper confidence 
in terval. N um ber and  anim als and  num ber of locations (count) are  
ind icated  for each season. For tem poral definition of seasons re fer to text.
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to Ju n e , 1991 on 16 fishers for a  total of 7,099 d a ta  points representing  1,775 
h ou rs of activity data. The level of activity changed th rough  the seasons (X^ = 
85.80, d f = 3, p= 0.0001, Fig. 15), w ith w inter activity  levels the h ighest (53.6%) 
an d  breeding seasons activity  levels the lowest (37.5%). To examine 
hypotheses concerning th e  interactions of sex, age, an d  season, each season 
was examined individually, and  the animals were broken into groups based on 
th e ir age and sex.
D uring the  post-release period, there were no differences in  activity levels 
of th ree  soft-released (47.5%, n  = 316) and seven hard-released  (47.9%, n  = 
1641) anim als (X^ = 0.02, d f = 1, p = 0.89). No differences were found betw een 
th e  th ree  m ale (46.7%, n=569) and seven fem ale (48.3%, n=1388) activity 
levels (x2 = 0.375, df= 1, p=0.54), or between the  eight juvenile (47.2%, n=1523) 
an d  2 adu lt (50%, n=434) fishers (X? = 1.05, d f = 1, p= 0.30) during the post­
release period.
W inter activity levels were examined w ith four anim als (two adult m ales, 
two ad u lt females). T here was no detectable difference between the activity 
levels of the males (52.3%) and  the females (56.2%, X^ = 1, d f = 1, p = 0.32) 
during winter.
There were sufficient d a ta  to examine breeding season activity levels for 
12 anim als. Significant differences were seen betw een the sexes (X^ = 13.9, df 
= 1, p=0.0002) and betw een the  two age categories (X^ = 32.0, df = 1, 
p=0.0001). Sam ple sizes were too small to te s t betw een sex/age categories, 
w ith  only one adult m ale and  one juvenile m ale in the  sample. Visual 
exam ination (Fig. 16) shows th a t four adult females (n= 609) had low activity 
levels (38.5%) during th is  season, and th a t the  single adu lt male (52%) had  a
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high activity level. The one juvenile male (n=278) and  the  four juvenile females 
(n= 1,442) h ad  in term ediate activity levels of 38.5% and  42.1%, respectively.
T he single adult m ale monitored during the post-breeding period was 
active 53% of the tim e (n = 255), while the six females had  an  average of 45% 
activity. The females consisted of two adults (n= 583) and  four juveniles 
(n=1061). The adult females had  higher activity levels (51%) than  the juvenile 
fem ales (42%, X2 = 12.63, d f = 1, p = 0.0004).
Diel A ctivity P atterns. D uring the  post-release period, 10 fishers (n=1,957) 
h ad  activ ity  monitored enough to examine daily activity p a tte rn s  (Fig. 17).
The an im als could be active during any time of the day, b u t peaks were seen 
during  the  morning and evening twilight hours w ith activity levels of 62% and 
55%, respectively. N ighttim e had  the lowest activity (41%), while daylight had  
ac tiv ity  a t  48%.
In  th e  winter, four anim als (n=731) shifted activity towards night (60%) 
and  m orning hours (62%; Fig. 18). The fishers were least active during the 
daytim e (42%), and were only slightly more active during the  evening hours 
(46%).
The low level of activity during the breeding season was evenly distributed 
th rough  the  diel cycle for 12 fishers (n=2,696; Fig. 19). Activity ranged from 
36% a t  n igh t to 39% during the morning and daytime. A dult females (n=732) 
were slightly  more active during the nighttim e and m orning hours (26% and 
31%, respectively) th an  during the  daytime and evening (21% and 18%, 
respectively, Fig. 20). The post-breeding activity p a tte rn  was sim ilar to the  
nonselective pattern  seen during the breeding season (Fig 21). N ight was the
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approxim ations of the  binomial.
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tim e of le a s t activity (32%) while average m orning through evening activity 
ranged  from 47% to 52%. The two adult females (n=642) did have a  slight peak 
in  activity during the  daylight hours (52%) while o ther times of the day adu lt 
fem ale activ ity  ranged from  42% to 46%.
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D ISCUSSIO N  
T rap p in g  an d  H andling
The high trapping success I experienced in Wisconsin is unm atched by 
reported  trapp ing  success in  o ther studies (reported as fishers/100 trapnights: 
0.01 in  M innesota [Roy 1991], 0.32 in  Idaho [Jones 1991], 0.49 in  M aine 
[A rthur 1988], 2.6 - 3.0 in  northern  California [Buck 1982, M ullis 1985]). Even 
trap p in g  success in  the same region of Wisconsin was reported  to be 1.6 in 
1981-1982 by Johnson (1984). While trapp ing  in  the refuge (Fisher 
M anagem ent Unit, FMU) in  Wisconsin, success on th is project averaged 8.0 in 
1990. In  1991, trapping was prim arily out of the refuge, on sta te  and  federal 
forests, w ith  a  success of 5.0. Fishers were reintroduced to W isconsin by the 
translocation  of 60 anim als into each of two FMUs betw een 1956 and  1967. 
Recovery of fisher populations to relatively high density in  m ost available 
h ab ita ts  in  northern  Wisconsin has been monitored by the  Wisconsin Dept, of 
N atu ra l Resources (Krohn et al. in  press). The high trapp ing  success in  1990 
was probably related to the high densities of trap-naive anim als in  the FMU. 
The h igh  tra p  success in 1991 on sta te  and  federal lands can only be a ttribu ted  
to th e  successful m anagem ent of th is furbearer in Wisconsin.
Successful trapping is also dependent upon conscientious trapping 
m ethods. Not only were trapsites chosen for appropriate hab ita ts  and  
topography, b u t careful setting, camouflaging, scenting, and  m aintenance m ay
76
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have led  to increased efficiency. Thoroughly camouflaging and bedding the  box- 
t ra p s  v isually  protected th e  trapped  anim als from  passing  hum ans, provided 
th e rm a l protection from w eather and low nighttim e tem peratures, and 
ass is ted  in  capturing w aiy  anim als.
To reduce the stress and  traum a experienced by trapped  anim als, several 
m easures were incorporated into the trapping and  holding procedures. The 
organic camouflage w as replaced with a canvas cloth for transporta tion  from 
th e  re lease  site, providing continued visual protection for the  anim als which 
drastica lly  decreased the am ount of stress and trap  fighting. A bedding of 
g rass an d  tree  boughs was placed in  the back of the  truck  to reduce bouncing 
an d  noise, and  w ater was periodically offered to the  transported  animals. The 
fishers can  seriously injiare the ir teeth, face, and feet by biting and clawing a t  
th e  w ire m esh of the box traps. In  1988, fishers were transported  from 
M inneso ta  to M ontana in  sheet m etal cages m easuring  0.2 x 0.2 0.6 m  and  
arrived  in  M ontana in  poor condition (Roy 1991), probably due to cramped 
conditions, no bedding, and poor drainage. Although the  use of the larger box 
tra p s  (1.0 X 0.3 x 0.3 m) w ith  am ple straw  as tran sp o rt cages improved the  
conditions, still animals could chew on the wire, breaking teeth  and injuring 
gum s. The use of sim ilar sized cages but w ith  sm all m esh or smooth m etal 
sides prohibiting the biting and clawing of the cage m ay work well for 
tran spo rta tion . Using larger, covered cages (0.75 x 0.75 x2.0 m) for holding 
an im als while waiting for transpo rt assisted in  keeping the anim als content 
an d  in  san ita ry  conditions. Successful réintroduction m ay be compromised if  
th e  tran sp lan ted  anim als have injuries inhibiting acquisition of resources, such
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as broken tee th  and  to m  claws, or are m entally  or physically unhealthy. The 
effort to provide hum ane trapping, transportation, and holding conditions 
should resu lt in  m entally  and physically vigorous anim als for transp lan tation .
W hile being held in  M ontana for 40 days in  1989, Roy’s (1991) fishers 
gained excessive w eight (pers obs.). Because the  fishers cache food in  bedding 
an d  den boxes, i t  m ay be difficult to ascertain  how m uch is actually being 
consumed, leading to excessive feeding. Feeding the captive fishers 
approxim ately 0.5 kg of venison once daily m ain tained  the anim als w ithout 
causing excessive weight gain in  1990 and  1991. Longer term  m aintenance 
(beyond a few weeks) m ust m eet nutritional dem ands of the anim als beyond 
caloric and  protein needs. I m aintained th ree  fishers in  captivity for 
approxim ately 8 weeks in  1990, feeding the  anim als a commercial m ink feed 
m ixed w ith equal proportions of ground whole venison. Captive fishers have 
been  successfully m ain tained  on th is m ix ture for several m onths or years on a t 
le a s t one fur farm  (pers. comm, Donald Ross, Hamilton, Mont.). Long periods 
of captivity w ith little  exercise and inappropriate food may resu lt in  the release 
of fat, unhealthy  anim als into strange and  hostile habitats, compromising their 
ability  to fend for them selves.
R ele a se  an d  P o st-R elea se  M ovem ents an d  A ctiv ity
The fishers exhibited high movement ra te s  and  activity during the  2 
weeks after release when compared to the w in ter period following. It is logical 
to expect increased activity and  m ovements as anim als explore new h ab ita ts
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in  sea rch  of food, w ater, and  shelter. Davis (1983) proposed th a t the m ethod of 
re lease  m ay  affect the  im m ediate activities of the  translocated  anim als, and  
even influence the longterm  success of réintroduction efforts. He felt th a t  
"gentle" or "soft" release (SR) and  saturation  of the  re lease area  w ith deer 
carcasses m ay increase the  probability of successful réintroduction of pine 
m arten . In  his study, individuals rem ained a t release a reas in  Wisconsin 
feeding off th e  carcasses, and  SR pine m arten  had  reduced m ovements as 
com pared to hard-released (HR) animals. But, in  Saskatchew an, adu lt pine 
m arten  w ithout kits im m ediately left SR sites and did no t re tu rn  for food, 
shelter, o r w ater (Hobson, e t a l 1989). Roy (1991) released  aU fishers using SR 
techniques on this réintroduction project in 1988 and  1989; he also provided a 
dee r carcass a t  each release site. He felt th a t  soft-release m ay have lessened 
s tress  and  postponed dispersal.
O f m y 24 radio-tagged fishers, half were soft-released and half were hard- 
released . Release type did no t appear to affect the  im m ediate post-release 
behavior of the  fishers. Activity levels and m ovem ent ra te s  were sim ilar, and  
both  SR and  HR individuals rem ained in the general vicinity of the release, 
estab lish ing  tem porary residencies. Eight m ortalities occurred during the  2 
m onths following release; four were SR and four were HR. Of the seven 
an im als th a t  did not im m ediately disperse, three were SR and four were HR. 
A lthough four of the six longest dispersers were hard-released, the final 
p e rm an en t residents a t  the  end of the m onitoring period consisted of four SR 
an d  th ree  HR fishers.
H ard-release m ay be beneficial for several reasons. The am ount of tim e 
requ ired  to keep the anim als in  captivity is greatly reduced using hard  release
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as  com pared to soft-release. Roy (1991) kep t his fishers in  captivity well over 
40 days from  tim e of cap ture to soft-release in  1989, and  anim als in  th is  study 
averaged  17 days in  captiv ity  in  1990 when 12 were soft-released. This tim e 
w as reduced to an average of 9 days in  1991 w hen all anim als were hard- 
released . Obvious changes were seen in m ost the  1989 anim als during the  
captiv ity  in  which they  were confined in  1.0 m^ cages. The anim als gained 
excessive weight, were unable to exercise, and becam e openly aggressive to 
hu m an s during  the period (pers obs,). U nusual and unprovoked aggressiveness 
w as also seen in  one 1990 fisher being held for soft-release. None of the 
an im als in  1991 behaved unusually, and i t  appears th a t  short periods of 
cap tiv ity  m ay have m inim al effect on the  behavior and  physical fitness of th e  
anim als. Additionally, the  am ount of manpower required for hard  release is 
substan tia lly  less th an  m aintaining large num bers of anim als in  holding cages 
a t  rem ote release sites for several days.
A lthough Davis (1983) did not report excessive weight gain in  his pine 
m arten  feeding off of available deer carcasses in  the field, Roy (1991 and pers. 
comm.) did report large fa t deposits on several dead fishers. Pine m artens 
have high metabolic requirem ents (Buskirk e t al. 1988) and life history 
s tra teg ies  th a t  may inh ib it th e  deposition of excessive fa t (Brown and 
LasiewsM  1972; B uskirk and  Harlow 1989; C lark and  Campbell 1979). U nlike 
pine m artens, fishers can deposit large am ounts of fat, possibly to the point of 
d e trim en t to the individual. Roy (1991) reported th a t the  fishers extensively 
used  th e  deer carcasses provided a t release sites, and  one female (0219) 
rem ained  a t  her holding pen for 64 days following release, feeding off the deer 
carcass and  subsequent m eat provided her. This fisher eventually left the  pen.
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reproduced, an d  was killed w ithin 22 days in  a  trap. It is possible th a t  she was 
m ore susceptible to trap s because of h e r long dépendance upon artificially 
supplied  m eat. Large am ounts of m eat m ay a ttrac t p redato rs to the  area, and 
a t  lea s t one fisher died in  a  struggle w ith coyotes a t  a  deer carcass (not one 
provided a t  release sites; Roy 1991). Additionally, wolverine tracks were seen 
in  close proxim ity of the release cage/den of the  stationary  fem ale fisher (0219) 
in  1989 (Roy 1991).
Soft-release procedures on the presen t study were different from Roy's in  
th a t  an im als were kept in  captivity for a  m inim al am ount of tim e and  fed 
restric ted  diets to avoid weight gain, and only small am ounts of m eat ( 3 - 4  day 
supply) w ere cached by each release cage. Only one fisher rem ained a t  the 
im m ediate release site (for 5 days), possibly eating the cached food. It m ay be 
m ore beneficial to force the fishers to s ta r t  fending for them selves quickly, 
ra th e r  th a n  having them  rely upon artificial food supplies. All recovered 
m ortalities in  the first 2 m onths were in  good physical condition, indicating th a t 
th e  fishers w ere able to obtain natu ra l prey soon after being released.
Response to the translocation did not appear to differ between sex and age 
groups. M ovement ra tes and activity levels were sim ilar for all groups, though 
ad u lt fem ales exhibited the highest movement rates. D ispersers in  n a tu ra l 
m am m alian  populations are predom inantly composed of the  juvenile 
individuals, prim arily m ale (Dobson 1982, Greenwood 1983, H orn 1983). In the 
translocated  fishers, dispersers were composed of all sex and  age categories. 
Some anim als m ay have a  higher tendency for dispersal (innate dispersal 
tendency), regardless of sex or age (Howard 1960, S tenseth  1983; for review 
see R itchison e t al. 1992). The translocated fishers were placed in  w hat could
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be view ed as  a  catastrophic situation; this possibly invoked dispersal drives in  
ce rta in  fishers. The only possible p a tte rn  seen in  dispersal was the tendency 
for some long dispersers to rep ea t long movements (if they  secondarily 
dispersed a t  all), possibly due to the ir innate tendencies. Additionally, there 
appeared  to be an  increased ra te  of dispersal around or during the  breeding 
season, sim ilar to the tim ing of increased m ovem ents reported by Roy (1991). 
O therw ise, no patterns were obvious: individuals could disperse long or short 
d istances im m ediately after release or after m aintain ing  a  residency for 
several w eeks or m onths.
M orta lity
Source and  Target H abitats. The targe t réintroduction zone was initially the  
C abinet M ountain W ilderness Area, prim arily chosen because its  rem oteness 
and  s ta tu s  offered refuge to the reintroduced population from hum an induced 
m orta lities such as trapping, as well as from hab ita t degradation (H. Hash, 
pers. comm.). As described in  the S tudy Area section, th e  W ilderness Area is 
a n  environm ent of extrem e topography: open granite peaks separated  by 
steep, narrow  canyons. This a rea  has high aesthetic value, bu t m ay be of 
lim ited value for wildlife species such as fishers th a t requires more productive 
h ab ita ts .
A ttem pts to encourage colonization in  the W ilderness Area included the 
release site locations along or w ithin the boundary. As a  result, during their 
exploratory movements, anim als would follow drainages into the wilderness, 
som etim es onto the head walls. It was on these steep, open slopes th a t four
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fishers d ied w ith in  the  first 2 m onths of release. So extreme are  these  areas 
th a t  recovery of the  bodies was not possible for danger of avalanche. The 
extrem e topography of the  W ilderness A rea and  the  lack of appropriate  
h ab ita ts  lim its the  value of th is a rea  as a  fisher réfugia. I t  is probably more 
appropriate to consider the Cabinet Divide w ithin  the W ilderness as an  
obstacle to m ovem ent betw een the  hab ita ts  on the  east and w est sides of the 
W ilderness Area. Although Roy (1991) found a t  least one anim al h ad  crossed 
the  divide, 1 did not find any animals succeeding in  doing so. The single anim al 
in  1990 th a t  m ade i t  to the east side did so by dispersing south and  th en  east 
around the  W ilderness and then  back north.
T he effect of the  Wisconsin source site on the fishers' behavior is 
unknow n. Using anim als from nearby sim ilar hab ita ts  for translocation is 
recom m ended (Van Zyll de Jong 1969, Berg 1982, Roy 1991). Possibly fishers 
from such a  different ecosystem were unable to cope w ith the  m ountainous 
w estern  hab ita ts . Indeed, they did end up in  atypical h ab ita t in  th e ir attem pts 
to foUow drainages over the tops of granite peaks. In Wisconsin, following 
stream s to th e ir source would be an  efficient way of traveHng over th e  small 
hills to the  basins on the other side. Possibly such ingrained m ovem ent 
behavior led to the demise of the four fishers.
T he naivete of the m id-eastern fishers to w estern predator complexes was 
a  possible fa ta l flaw, as was well documented by Roy (1991) and th is  study. 
The fishers were certainly naive to m ountain lions, wolverines, and lynx; 
possibly w hen combined with confused, random  exploratory m ovem ents and  
behavior, high m ortality resulted. It would not be expected th a t the fishers 
would le a m  to avoid predators w ithout having prior experience or m aternal
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transm ission . The fact th a t  predation m ortality  was nonexistent afte r the  
in itia l 2 m onths leads to the  speculation th a t th is m ortality  factor m ay be 
re la ted  to th e  confused behavior and  exploratory m ovem ents of the  recently 
tran sloca ted  fisher as m uch as to p redator naivety.
R adio-T ransm itters. R esearch-related m ortality  caused the  death  of four 
fisher on th is  study. In  an  attem pt to alleviate the possibility of neck lesions, 
as w itnessed  on a  1989 fisher, the  polyethylene collar m ateria l was replaced 
w ith  1 inch  wide, soft, webbed nylon (Telonics, Inc., Mesa, AZ). Unforeseeably, 
th is m ateria l became stiff and abrasive w ith the deposition of h a ir oils and  dirt. 
I t is believed th a t the  combination of the  radio tran sm itte r w eight and  the 
constan t rubbing of th is abrasive m aterial wore away the neck h a ir  and 
eventually  the  skin of the four fishers. Subsequent infection and  starvation  
resu lted  in  the ir death. A fifth fisher was retrapped mid-August (nine m onths 
after release) and  the  radio collar removed. The collar had  worn off the ha ir and 
caused severe skin irrita tion  around the neck of the anim al. A ttem pts to 
re trap  two other anim als wearing the modified collars failed. Although 
m orta lity  from these radio collars was probably due to the use of the new collar 
type, m inor deleterious effects of external radio transm itte rs are  not unusual 
(W hite and  G arro tt 1990), including h a ir loss, skin irritation, behavior changes, 
and w eight loss.
In traperitoneal im plantation of tran sm itte rs  has been successfully used 
in  a  varie ty  of m am m als including canids, ursids, m ustelids, and sciuiids (for 
review see G reen et al. 1985) Reported advantages of im p lan t tran sm itte rs  
include decreased behavioral effects, ability to instrum ent sm all or juvenile
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anim als, ability  to acquire physiological d a ta  (Green et al. 1985), and  the  
abUity to in stru m en t anim als having seasonal ducuations in  weight (Eagle et 
al. 1984) or anim als whose head to neck ratio  is sm all (Melquist and  H om ocker 
1979). In traperitoneally  im planted tran sm itte rs  have been successfully used 
on a  num ber of m ustelid species including pine m arten  (Buskirk e t al. 1988), 
wolverine (Copelan, Univ. of Idaho, pers. comm.), m ink (M ustela vison: Eagle 
e t al. 1984), Am erican badger (Taxidea taxus: M inta 1990), river o tte r (L utra 
canadensis: M elquist and Homocker 1979), and  sea otter (Enhvdra lu tr is : 
G arshelis and Siniff 1983). This réintroduction project successfully im planted 
11 fishers between 1989 and 1990. A tw elth  anim al died w ithin 36 hours of 
surgery, though the cause of death could not be determined. There were no 
evident longterm  effects of im plantation on the  fishers, and  observation of two 
free-roam ing individuals showed them  to be in  excellent health. The use of 
in traperitoneal im plan ts avoids the  possible deleterious effects of externally  
a ttach ed  tran sm itte rs , and  places the tran sm itte r  closer to the an im al's 
cen ter of gravity, m inim izing influence on movem ent and balance.
T rapping. Two radio-tagged fishers released in  1990 were killed in  traps during 
th e  w in ter of 1990 - 1991. Roy (1991) reported  th ree of 32 fishers released  in  
1988 - 1989 were killed in  traps. T rappers can legally trap  one fisher p er 
season (to the  m axim um  of 12 fishers statew ide), although a  voluntary  closure 
is in  place for the C abinet M ountain region. Because fishers are commonly 
caugh t in  sets for o ther furbearers (Ham ilton and  Cook 1955, Coulter 1966, 
L uque 1983, Jones 1991), even trappers honoring the  voluntary closure m ay 
inadverten tly  trap  and have to kill a  fisher. In  Idaho, where fisher season is
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closed, two of 16 radio-collared fishers killed in  traps (Jones 1991). Jones 
reported  th a t  four fishers from the  Idaho study area were trapped  and  killed in  
two years, while two others were trapped and released. Release of fishers th a t 
have been held in  trap s for lengthy periods m ay not assure they will re tu rn  to 
productive life. On th is study, a  fisher caught in  a  trap  by the hindleg was 
released  by th e  trapper, only to be caught a  m onth la te r in  ano ther trap . This 
anim al had  lost his hindleg in  the initial trapping incident, and was in  very poor 
condition.
The two trapp ing  m ortalities in  the w inter of 1990 - 1991 were not 
reported; I recovered one fisher (unskinned) firom the Bull River, and  one radio 
collar from  a  creek. T rappers m ay not realize they can legally h arv est fishers 
in  the  C abinet M ountains, although one fisher was legally harvested and 
tagged during  the 1991 - 1992 season. Trapping m ortality, incidental or 
in ten tional, m ay increase due to the  h ab ita t shift towards low elevation 
h ab ita ts  docum ented in  th is study. These areas are probably favored by m any 
trap p e rs  because of the generally more productive hab ita ts  and ease of access. 
I t  is  im portan t to encourage the tagging of harvested fishers from the  region to 
obtain  all available data  on demography and  m ortality  of the reintroduced 
anim als.
S ettlem en t an d  C olon ization
A to ta l of seven (five females and two males) of 24 radio-tagged anim als 
re leased  in  1990 eventually settled into perm anent hom eranges in  the  study 
area. P rior to th is release, only two fishers out of the 32 anim als released in
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1988 an d  1989 w ere know n to settle in  the  core study  area. The presence of 
th e  two established fishers m ay have stim ulated  settling  in  the 1990 anim als. 
Reseeirch on seasonally territo ria l anim als has shown individuals m ay choose 
to se ttle  in  areas w ith  prior residents (Stam ps 1988, for review see S m ith  and  
Peacock 1990). S tam ps (1987a, 1988, 1991, 1992) found juvenile lizards 
(Anolis aeneus) prefer to settle adjacent to te rrito ria l residents and th a t 
se ttlem en t ra te s  increased  as the  settlem ent process proceeded; newcom ers to 
a  n ea rly  em pty h ab ita t were less likely to settle  as compared to the  la te r 
im m igran ts. Resident anim als m ay provide im portan t cues to newcomers 
regard ing  h ab ita t quality, m ating success, or te rrito ria l defense (Stam ps 
1987a, 1988, 1991, 1992; Sm ith  and Peacock 1990, S tam ps and K rishnan
1990). By defending a territory, residents m ay provide evidence th a t the  
h a b ita t  is a t  least m inim ally suitable (Alatalo e t al. 1982, S tam ps 1987a,
1988, 1991, 1992; Shields e t al. 1988). S tam ps (1988) predicts th a t  a ttrac tion  
should  be m ost evident in  im m igrants knowing the  least about a  hab ita t, such 
as individuals in the presen t study. Although the study of colonization in  
re la tio n  to conspecifics has so far been reserved for seasonally territo ria l 
species, the  advantages of territorial aggregations should apply equally well to 
colonization of perm anent settlers. The tran sp lan ted  fishers from W isconsin 
m ay have used the two residents as cues to resource quality  in h ab ita ts  totally  
foreign to them . Five of the  seven perm anent residen ts from 1990 settled  
betw een or adjacent to the prior residents. A lthough th is m ay simply be a  
coincidence of being released there, the high dispersal ra te  during the  first two 
y ea rs  indicates th a t  fishers readily left the  study  area.
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A lternatively, the  lack of territorial establishm ent in  earlier releases could 
be re la ted  to the  absence of intraspecific com petition due to the low num bers of 
an im als released and  presen t in  the area. In tru d er pressure and lim ited food 
supply  a re  commonly cited as prim ary reasons for resource defense (Hixon 
1980, C arp en te r 1987b). The economic cost-benefit hypothesis for te rrito ria l 
defense predicts territo riality  in  anim als living under energetic constraints 
such th a t  th e  benefits of defense exceed the costs and the n e t benefits exceed 
th a t  of nonterrito rial behavior (Brown 1964). A “catastrophic reduction” in  
population density m ay resu lt in  a  “regional food superabundance”, negating 
the  benefits of te rrito ria l defense (C arpenter 1987a: 388). The tran sp lan ta tio n  
of fishers into a  region devoid of conspecifics could mimic a catastrophic 
reduction in  population density, providing little  or no stim ulus for settlem ent.
As m ore anim als were released into the area, intraspecific competition could 
have increased to the point of stim ulating territo ria l behavior. In  any case, 
se ttlem en t ra te s  appeared to increase w ith subsequent releases, probably 
re la ted  directly to the presence of other individual fishers in the area, w ith the 
prio r residents possibly providing im portant stimuli. Because of th is possible 
p a tte rn , several fishers from the fined release in  1991 m ay have rem ained in 
th e  area.
H a b ita t U se
Tem poral Trend in H ab ita t Selection. Looking a t the seasonal h ab ita t use of 
th e  translocated  fishers in  the months following release, a trend  of increased 
selectivity was seen (Figs 6, 8, and 12). H ab ita t selection during the in itia l
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w eeks and  m onths following release was minimal. Slough ( 1989) reported 
th a t  tran s ien t, tran sp lan ted  pine m arten  passed th rough  all types of h ab ita t, 
an d  D avis (1978, 1983) found th a t transp lan ted  m arten s  used  habitats in  
proportion to the ir availability. The initial hab ita t selection seen in th is study  
m ay have been influenced by the  location of release sites. Release sites w ere 
located according to proxim ity to the wilderness, lack of access to trappers, 
appropriate  overhead cover, and  nearness of runn ing  w ater. Such sites w ith in  
the  study  a rea  were in  the  m id reaches of drainages of the  C abinet M ountain 
W ilderness, and exhibited sim ilar hab itat characteristics as those selected by 
fishers in  the months following release. Few anim als im m ediately dispersed, 
and  the  low w inter m ovem ent ra tes indicate th a t there  w as minim al 
exploratory  movements, possibly due to deep, soft snows. Although m ovem ent 
d istances reported by Roy (1991) were shorter in  J a n u a ry  and  February th a n  
in  M arch or April, he did not feel th a t snow hindered h is anim als movements, 
an d  reported th a t individual fishers often crossed high elevation ridges during 
th e  w inter. Snow depths were below normal during his study (70% of norm al) 
an d  above normal during my study (140% of normal), possibly explaining the  
difference in  mobihty. Still, the average elevation range used in the 2 years 
du ring  the  w inter are sim ilar, w ith Roy reporting an  average elevation of 1,139 
m, while fishers in 1990 selected the elevation category of 1,000-1,200 m. For 
com parison, an  exam ination of two female fishers in  th e ir  second w inter in  the  
C ab inets selected lower elevations (800-1,000 m), w ith  easterly  aspects.
Slopes of low elevation and  easte rn  aspects m ay accum ulate less snow th a n  
north-facing, higher slopes, and allow easier mobility. The unknown influences
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of th e  translocation, release sites, and snow conditions prevent a  confident 
evaluation  of th e  w inter h ab ita t selection.
Increased movements during the breeding season coincided w ith  a large 
sh ift in  h ab ita t use. The fishers began selecting areas of low elevation and  flat 
or shallow  slopes. The anim als were found close to most types of w ater, and 
w ere probably closer to w ater th an  shown by the  use of 1:24,000 scale 
topographic models. Personal observation revealed th a t the fishers often used 
sm all pockets of w ater or m arsh  which dotted the lower reaches of the  study 
area , b u t which did not appear on the models. Jones (1991) also found fishers 
selecting areas close to w ater. R iparian areas have a greater diversity of 
po ten tial prey species as well as preferred resting  sites (Jones 1991). The 
occupancy of prior residents in low lying h ab ita ts  m ay have provided cues to 
th e  h a b ita t quality  of these areas, stim ulating  use by the newcomers (see 
S ettlem en t and  Colonization). Animals were situated  contiguous to one 
another, prim arily  in  a band  of hab itat along the  edges of the valley bottom. 
D uring th is period, individuals appeared to choose either to leave the area, as 
indicated  by the increased dispersals, or to rem ain  perm anently in  the  area, as 
indicated by the  decline in  dispersal and tran sien t movements and the 
increased  stability  of anim als after th is period.
The zone of preferred habitats became more defined in the la te  spring and 
sum m er m onths, w ith only the lowest elevation, flat areas being selected. The 
m id and  upper slopes were rarely used by these  fishers. Although there  were 
num erous drainages opening into the Bull R iver Valley, only the wide m ouths 
w ere used, and rarely  did an  anim al venture deep into drainages. These slopes 
an d  drainages do not appear to be able to support fishers, based on th is study.
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But, th e  population density had been reduced throughout the  breeding season 
by d ispersals and  m ortality, resulting in  low densities and a  continual decrease 
in  competition. W ith the  low density of th is population, possibly only the 
optim al h ab ita ts  were selected, and  other suitable areas ignored. As the  
population increases in  density, anim als m ay find it profitable to occupy less 
optim al h ab ita ts  ra th e r  th an  trespass into o ther fishers' territories (Pulliam  
and  D anielson 1991).
^ e v e r a l  factors m ay have led to the  increased h ab ita t selectivity seen 
through tim e, including changing environm ental conditions (snow cover, 
greening of deciduous vegetation, change in  w ater sources), changing 
population density, changing social interactions (breeding, competition for 
various resources), changes in  prey availability, and a  gradual ad justm ent to 
new  h ab ita ts^  W hatever the reasons, there  is strong evidence th a t th e  fishers 
were able to gradually explore their new environm ent and select h ab ita t 
patches w ith in  i t  th a t  m et the ir needs.
P lardm etric Relationship to the Biotic H abitat. ̂ Fisher h ab ita t is a complex 
correlation of physical, vegetative, and prey componentsj It was beyond the 
scope of th is  study to exam ine anything b u t the planim etric expression of 
these factors. Well defined vegetational zones change predictably w ith  
topographic relief, aspect, and elevation. For example, in  the  C abinet 
M ountains, low elevation, mesic areas support mixed stands of grand fir, 
w estern  red  cedar, and  w estern hemlock; mid-elevation areas and drier low 
elevation areas commonly have stands of ponderosa pine and  Douglas fir. The 
m ost m esic hab ita ts  would be expected on th e  lower, north  facing slopes of
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shallow  gradient, which a re  close to water. F ishers significantly selected such 
sites in  th e  la te r m onths (breeding and post-breeding seasons) of the 
m onitoring  period. As the  m ost likely areas to support mesic forest h ab ita t 
types, th e  use of these areas by the reintroduced fishers corresponds well w ith  
th e  h a b ita t selection of fishers in  northcentral Idaho. In  northcentral Idaho, 
fishers significantly selected the  most mesic h ab ita t types in  the  grand fir 
series (Jones 1991). Additionally, the use of mesic forest hab ita t types 
corresponds to hab ita ts  in  which I most successfully trapped  fishers in  
W isconsin; Johnson (1984) also found fishers in  the  sam e area  of W isconsin 
using  low elevation, swam p conifer habitats during the  summer. W et forest 
h ab ita ts  were selected by fishers in California (Buck 1982, Mullis 1985), 
M ichigan (Powell 1982) and  New Ham pshire (Kelly 1977). Based on the  strong 
selection found in th is study for low elevation, no rth  facing slopes of shallow 
grad ien t, and  the strong selection for areas w ithin 200 m  of w ater, it  seems 
reasonable to assum e th a t the  reintroduced fishers are  selecting wet forested 
h ab ita ts , consistent w ith  the  hab ita t selection found in  o ther studies.
H om eran ge S ize an d  S o cia l S p acin g
Com parison of hom erange estim ates betw een studies m ust be done 
cautiously because of variations in the sam pling regim e and data  analysis 
(Laudré and  Keller 1984). Even sim ilar d a ta  analysis procedures using 
d ifferen t program s m ay give varying results because of u ser inputted  variables 
or algorithm  differences, as I found comparing the  output from Program  
H om erange and M cPaal (Appendix D). Because of these problems, I
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reanalyzed  telem etry  d a ta  from fishers in M aine (A rthur e t al. 1989) an d  Idaho 
(Jones 1991) using the  adaptive kernel m ethod. Use of the  sam e d a ta  analysis 
techn ique allows m ore confident comparisons betw een studies, although 
differences in  sam pling regim e is still cause to in te rp re t resu lts cautiously.
B ut, B uskirk  and  M acDonald (1989) found pine m arten  hom erange sizes did 
no t significantly vary  due to sampling regime differences between studies when 
looking only a t  telem etry  d a ta  and  a single hom erange estim ator.
F isher hom eranges in  Idaho were 2 to 11 tim es larger th an  o ther reported 
fisher hom erange estim ates when analyzed using the  harm onic m ean m ethod 
(Jones 1991). The sam e d a ta  of females, reanalyzed using  the  adaptive kernel 
m ethod, w as still more th a n  twice as large (m edian 25.2 km2 with a  range of 
5.1 - 41.0) as adaptive kernel estim ates for female hom eranges in  M aine 
(m edian of 11.1 km2 w ith  a  range of 8.2 - 31.6). In  con trast to Idaho fishers, 
th e  reintroduced female fishers in  M ontana appeared to have hom eranges 
s im ilar to M aine females, w ith a m edian of 14.4 km 2 and  a range of 10.8 - 41.8 
km 2.
T errito ry  size m ay be inversely related to intraspecific competition for 
lim ited  high quality h ab ita t or resources (Hixon 1980, Mace e t al. 1983,
S tam ps 1990). Intraspecific, and  particularly  in trasexual, competition for the 
few patches of high quality  hab ita t may have led to the  relatively sm all 
hom eranges m ain tained  by the female fishers in  M ontana. B ut the tem poral 
s tab ility  of the female hom erange size complicates th is  explanation. If 
com petition were lim iting homerange size, then  the significant loss of 
individuals through tim e due to dispersals and death  should have resulted  in  an  
expansion of hom eranges in  the remaining females.
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V an  H om e (1983) though t th a t  density could be an  indicator of h ab ita t 
q u a lity  in  ra re  species, or in  species th a t are h ab ita t specialists w ith low 
reproductive capacity and  have social interactions lim iting the  density in  high 
q u ah ty  hab itats. B uskirk  and  MacDonald (1989) thought th a t  pine m arten  
an d  ecologically sim ilar species m eet these requirem ents an d  th a t hom erange 
size, as an  index of density, m ay be related to h ab ita t quality. They found 
sta tis tica lly  different sizes in  p ine m arten hom eranges from different studies 
an d  hypothesized th a t th is  could reflect varying h ab ita t quality. Both Soutiere 
(1979) an d  Thompson and  Colgan (1987) found pine m arten  hom eranges 
vary ing  in  response to h ab ita t quality and resource availability. S tudies have 
found hom erange size re la ted  to resource availability in  o ther territorial 
carnivores including lynx (W ard and Krebs 1985) and  bobcat (Litviatis e t al. 
1986). ^ e m a le  fisher hom erange size may indicate th a t  final establishm ent 
occurred in  high quality habitats, allowing for small homeranges. Additionally 
th e  extensive overlap in  th e  90% volume areas agrees w ith  Mace et a l.’s (1983) 
prediction th a t overlap in  norm ally territorial species will occur in areas where 
resources are  abundant and  the  ne t benefits of te rr ito riah ty  are reduced (see 
also H ixon 1980, S tam ps 1990). \
^ o n e s  (1991) hypothesized th a t  the large hom eranges of Idaho fishers 
w ere a  re su lt of the generally  poorer habitats in  w estern  areas as compared to 
e a s te rn  habitats^ A lthough sam pling and analysis techniques vary greatly, a 
p a tte rn  supporting th is  hypothesis is evident in  the  h tera tu re . A rthur e t al. 
(1989) estim ated  densities in  his study a rea  in  M aine to be 1/10 km^.
D ensities estim ated from trapp ing  returns in  O ntario and  radio-collared 
an im a ls  in  W isconsin were 1/6.5 km^, and 1/19 km^, respectively (Johnson
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1984, Douglas and S trickland 1987). Though investigations of fisher in  the  
w est h a s  lagged behind the  m ore eastern  areas, p relim inary  estim ates indicate 
th a t  densities are m uch lower. Jones (1991) concluded the  density of fisher in  
n o rth cen tra l Idaho w as m uch lower than  th a t estim ated  for Maine based on 
five-trapping  success. In  California, densities w ere estim ated  a t 1/206 km^ by 
G rinnell e t al. (1937), and  trapp ing  returns in  B ritish  Columbia indicate a 
density  of fisher of 1/208 km^. Though B.C. h as  the  largest expanse of 
ap p a ren tly  “suitable fisher h ab ita t”, its fisher productivity is reported as one of 
th e  low est in  C anada (Banci 1989). There is evidence th a t  w estern 
m ountainous regions m ay provide only m arginal h ab ita t for the fisher, leading 
to low densities and low productivity.
W ithin generally low quality habitat, patches of high quahty h ab ita t could 
be expected to be located. The fishers in M ontana were reintroduced into a 
region alm ost devoid of intraspecific competition and  density-dependent 
h m ita tions of hab ita t selection. Densities were reduced in  the study a rea  by 
th e  sum m er following release; the  fishers should have been nearly free to chose 
a rea s  in  which to settle. According to optimal selection theory, in itial 
colonizers should select the  m ost optimal hab ita ts , while la te r im m igrants 
select less optim al h ab ita ts  (M ayr 1926, Svardson 1949, Mori si ta  1950, 1952; 
a s  cited by Rosenweig 1991; Rosenweig and  A bram sky 1985). Such a  process 
is supported  by the th e  sm all size of the M ontana hom eranges in com parison 
to Idaho hom eranges and  the  clustering of fisher residencies along a  narrow  
b an d  of habitats. The h ab ita t selection th a t occurred in  the  reintroduced 
fishers m ay represent optim al hab ita t selection w ith in  a  generally poor
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h a b ita t, resu lting  in  sm all hom eranges relative to expected hom eranges in  
w es te rn  h ab ita ts .
A th ird  possibility for explaining the relatively sm all hom erange sizes 
d irectly  impUcates the recolonization process. R esearch recently  completed on 
recolonizing European lynx (Lvnx Ivnx) indicates th a t  hom erange sizes are  
approxim ately  3 tim es sm aller on the leading front of the recolonizing 
population  th a n  in  the established center (Breitenm oser and  H aller 1993). 
A dditionally, m ovem ents are  shorter and kills more concentrated on the  front 
as com pared to the  center. The au thors hypothesized th a t  there  are  two 
phases to th e  recolonization or expansion of predator populations. D uring the 
firs t phase , large num bers of predators would feed on densely populated, naive 
p rey  in  th e  newly colonized area. This could resu lt in  sm all hom eranges, 
sho rte r m ovem ents, and more concentrated kills. This in itia l phase of 
colonization, in  which high densities of individuals are found, w ith small 
hom eranges in  the m ost productive hab ita ts  could re su lt from  a  combination of 
conspecific a ttrac tion  and  optim al hab ita t selection, as previously discussed. 
The second phase of reestab lishm ent is in itiated  by exploitative or behavioral 
depression of prey (Cham ov et al. 1976) resulting in  low prey abundance. The 
lynx w ere found to have larger hom eranges with longer m ovements and more 
d ispersed  kills in  the center of the  established population; sim ilar changes were 
predicted  to eventually occur a t  the  colonizing front (Breitenm oser and H aller 
1993). If  th is  sam e p a tte rn  occurs in  other colonizing predators, the  relatively 
sm all hom erange sizes of th e  reintroduced fishers m ay be a  tem porary 
phenom enon re la ted  to prey abundance and  prey naivety. Depression of prey 
resources m ay eventually re su lt in  expansion of the  fisher homeranges. I
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
97
w ould also predict estab lishm ent of the more typical in trasexually  exclusive 
hom eranges as  prey  resources become m ore scarce and  benefits of te rrito ry  
defense increase.
S p a c in g  an d  S eason a l C h an ges in  H om erange S ize  an d  O verlap
Species w ithin the  genus M artes and M u s te l ^ enerallv exhibit 
in trasex u a lly  exclusive te rr ito rie^P ow ell 1979a), and  several authors report 
a n  in trasexua lly  exclusive spacing system in  fishers (Johnson 1984, A rth u r e t 
al. 1989, Kohn et al. in  press). The use of different procedures in  determ ining 
hom erange size and  shape will change apparen t social spacing patterns, b u t 
(most lite ra tu re  supports in trasexually  exclusive territo riality  in  fishei^ 
regard less of analysis procedures. P atterns of social spacing m ay a lte r due to 
environm ental or social conditions (Lockie 1966, Erlinge 1974, 1977, King 
1975, Bowen 1981, S tam ps 1990, Lott 1991). Extensive overlap in  
hom eranges was apparen t in tra- and inter-sexually in  the reintroduced fishers. 
The h igh  degree of overlap m ay have been com pensated for by in trasexual 
spa tia l and  tem poral avoidance (M inta 1992, in  press); individuals of the sam e 
sex w ere never located in  close proximity to each other. Large overlap in  
hom eranges could be due to high intraspecific competition, high resource 
ab undance  (Hixon 1980, Mace e t al. 1983, S tam ps 1990), uncertain ty  am ong 
an d  betw een individuals regarding residency s ta tu s  due to recent settlem ent 
(S tam ps 1987a), or a  com bination of factors. In tra-sexually  exclusive 50% 
u tiliza tion  volume areas were m aintained during  m ost seasons, indicating th a t  
th e  some form of social spacing typical of m ustelids was in  place, or evolving.
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H om erange sizes in  m ales tended to fluctuate w ith seasons, while females 
hom erange size rem ained tem porally s ta b le .^ o lita ry  fem ales m ust raise 
young them selves, and so should occupy a  range which ensures adequate 
resources for reproduction; food is the critical resource and  food availability 
should determ ine the  range size in  female;^ (Sandell 1989). Because defense of 
a  te rr ito ry  is easier th a n  expansion (Stam ps and Tollestrup 1984, S tam ps et 
al. 1987, 1990), females should occupy tem porally stable ranges which provide 
adequate  food during the  m ost critical periods (Sandell 1989). Alternatively, 
fem ales a re  the  lim iting resource to m ales in  a  solitary social system , therefore 
m ale d istribution will be determ ined by the distribution of the  females and 
intraspecific competition, a t  least during the  breeding season (Sandell 1989, 
Lott 1991). Male hom eranges during the  w inter were sm aller th an  
hom eranges during the other seasons. During the initial w inter following 
release, th e  reintroduced m ales m ay have been more concerned about m eeting 
basic life necessities th an  in  monitoring female resources, resu lting  in  w inter 
hom eranges sizes sim ilar to female hom erange sizes.
T h e  s i n g l e  a d u l t  m a l e  w i t h  a  h o m e r a n g e  e s t i m a t e  d u r i n g  t h e  b r e e d i n g  
s e a s o n  e x p a n d e d  h i s  m o v e m e n t s  t o  o c c u p y  a n  a r e a  o f  99.3 k m ^  f r o m  a  w i n t e r  
h o m e r a n g e  o f  3.6 k m ^ .  D r a m a t i c  i n c r e a s e s  i n  t h e  m o v e m e n t  r a t e s  o f  a d u l t  
m a l e s  d u r i n g  t h e  b r e e d i n g  s e a s o n  w e r e  a l s o  s e e n  . ( I n c r e a s e s  i n  m o v e m e n t s  a n d  
h o m e r a n g e  s i z e ,  o r  t e m p o r a r y  a b a n d o n m e n t  o f  h o m e r a n g e s ,  b y  a d u l t  m a l e s  
d u r i n g  t h e  b r e e d i n g  s e a s o n  i s  t y p i c a l  o f  f i s h e r s | ( d e  V o s  1952, C o u l t e r  1966, 
K e l l y  1977, B u c k  a n d  M o s s m a n  1979, J o h n s o n  1984, J o n e s  1991). S o m e  
f e m a l e s  a l s o  a p p e a r e d  t o  r e s p o n d  t o  t h e  b r e e d i n g  s e a s o n ,  e i t h e r  b y  a n  
e x p a n s i o n  o f  h o m e r a n g e  m o v e m e n t s  o r  a  s h i f t  i n  c o r e  a r e a  u s e .  T h e s e  c h a n g e s
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re su lted  in  extensive female-female overlap of core areas, prim arily  in  the  area 
occupied by the  ad u lt male. Possibly, the females were actually  seeking out 
th e  lone a d u lt m ale in  the area. After the breeding season, female activity 
cen ters again  shifted, re tu rn ing  to intrasexually  exclusive core areas. 
A berrations in  social system s is commonly reported in  populations under 
u n u su a l resource lim itations (Lott 1991). Females in  th is  population m ay 
have been  responding to the severely lim ited availability of m ales by actively 
seeking ou t m ates. The changes in  female movements, along w ith the 
expansion of the  m ale's movements, resulted in  the  m ale core area 
encom passing five female core areas and  another fem ale's 90% volume area.
A 1989 fem ale showed ab e rran t movements by tem porarily  abandoning her 
hom erange on 19 January , moving to an  area  30 km  northw est. She re tu rned  
to h e r  previous homerange by 1 April and rem ained there  for the duration of 
the  m onitoring. Four o ther females possibly dispersed from the study area  
during  or shortly after the  breeding season. Roy (1991) also reported increased 
d ispersal from  the study area  during the breeding season.
The single juvenile m ale w ith enough data  to allow homerange 
com parisons between w inter and  breeding did not increase the size of his 
hom erange, and  juvenile m ales did not increase movement ra te s  during the 
b reeding  season. Fem ales did not appear to "seek out " the  available juvenile 
m ale, and  i t  does no t appear th a t  juvenile males responded to the breeding 
season. Inform ation on the  effective breeding age of m ale fishers is scanty. 
A lthough m ales are sperm atic by 11 or 12 m onths of age (W right and Coulter 
1967, L eonard 1986, Douglas and Strickland 1987), changes in the shape 
(Douglas an d  Strickland 1987) and the weight (W right and  Coulter 1967) of the
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bacu lum  th a t  occur a t  older ages m ay influence the success of breeding. 
Juven ile  m ales in  the  presen t study had  low activity, movem ent ra tes , and  did 
no t show the  typical m ale expansion of range during the breeding season, 
evidence th a t  they  are  not responding to breeding in  a  sim ilar m anner as adult 
m ales.
S ea so n a l M ovem en ts, A ctiv ity  L evels, an d  D ie l A ctiv ity  P a ttern s
^M ost au thors have confirmed th a t fishers are active both day and  n ig ^  
(G rinnell e t al. 1937, deVos 1952, H am ilton and  Cook 1955, Powell 1977, 
Johnson  1984, Roy 1991). (Rowell reported th a t anim als had  1 to 3 activity 
periods per day w ith  each period of activity lasting  2 to 5 hours.^)Arthur and 
K rohn (1991) found fishers in  Maine to exhibit peak activity during crepuscular 
hours. A lthough sam ple size was small, Johnson (1984) found th a t  th e  
m ajority of the  activity also occurred during the  crepuscular hours during  all 
seasons. The m ajority of the locations m ade by Kelly (1977) were during  the 
dayhgh t hours, bu t he noted th a t activity increased during the  crepuscular 
hours. Seasonal shifts in  timing and levels of activity have not been exam ined 
extensively, though inactivity during periods of extreme cold or severe storm s 
have been noted (Coulter 1966, Powell 1982). A rthur and Krohn (1991) 
reported  th a t  a  female w ith kits concentrated activity during the daylight 
hours, b u t Paragi ( 1990) found th a t individual females varied greatly in  their 
circadian p a tte rn s  and  level of activity during  all phases of the  denning cycle.
Rem otely sensed activity poorly rep resen ts  exact activities, b u t w ith  
large sam ple sizes, should provide a reliable indicator of activity levels. In
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con tras t, m ovem ent ra tes, which are m ore commonly reported  in  the  
lite ra tu re , will reflect the mobility, b u t not always the ex ten t of activity, nor 
th e  tim ing  of activity. Several papers report seasonal changes in  m ovem ent 
ra te s , p rim arily  noted as an  increase in  movements of adu lt m ales during the 
b reeding  season (Coulter 1966, Kelly 1977, A rthur and K rohn 1991, Jones
1991). Leonard (1980) and Raine (1981) noted decreased m ovem ent ra tes 
during  the  w inter. Johnson (1984) noted a  decrease in  m ovem ents of a  female 
w ith  k its, b u t Leonard (1980) did not see a  sim ilar decrease in  M anitoba. The 
^coupling of m ovem ent ra tes w ith  activity levels and tim ing m ay m ake it  
possible to discern energetic strategies and stresses during  critical periods such 
as w inter, breeding, and whelping seasons.^
W inter. Though overall movement ra tes  for the reintroduced fishers were low 
in  the w inter, the overall activity level was quite high. Inefficient foraging could 
have forced the  anim als to have unusually  long foraging bouts as they  adjust 
to the  new w intertim e conditions in  the C abinet M ountains. Because the fisher 
is forced by its  size to forage on the  snow surface, snow -crust conditions are a 
critical variable (Leonard 1980, R aine 1983, Johnson 1984). Deep, soft snows 
m ay have hindered the fishers in  the p resen t study; they would not or could not 
move long distances. Leonard (1980) estim ated  th a t fishers expend 54% more 
energy w hen traveling through soft snow as compared to snow w ith  a  hard  
crust, an d  Johnson (1984) found fisher m ovem ents to be restric ted  by soft 
snow dep th  g rea te r th an  46 cm.^Both Leonard (1980) and  Raine (1981) found 
th a t  fishers altered their hab ita t use during the m id-winter to avoid areas with
deep, soft snow.j Roy (1991) did not feel th a t snow hindered his anim als during
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th e  two previous m ild w inters and neither did Jones (1991) feel th a t  snow was 
a  h indrance during his study in  Idaho. D uring the  w inter of this study, snow 
w as deeper (140%) th a n  average, and soft snow depths often exceeded 60 cm 
during  the  w inter. The snow m ay have inhibited the fishers, causing energetic 
s tre ss  as evidenced by high activity levels w ith  low m ovem ent ra tes. 
A dditionally, several fishers (n = 11) exhibited the requirem ents for a  seasonal 
hom erange during the  w inter following th e ir release, possibly because they  
could not afford the move in  a transien t fashion. The m ales m aintained 
hom eranges sim ilar in  size to female w inter hom eranges, possibly m inim izing 
m ovem ents to th a t  requ ired  for m aintenance.
The m ajority of activity in  the w inter occurred a t n ight or during the  early 
m orning hours, (^ th o u g h  strict diel cycles have not been reported in  fishers, 
th e  an im als m ay opportunistically adjust th e ir  activity to the  resources or 
environm ental conditions.^Foraging a t n ight on snow was estim ated to cost 
w easels an  additional 40-50% as compared to the  costs of daytim e foraging 
(Chappell 1980). B ut a  crust on the snow would be more likely to form a t night 
or early  morning, possibly making foraging m ore efficient th an  moving in  
softer, daylight conditions. Additionally, i t  h as been shown th a t pine m arten , 
m ink, an d  weasels m ay a lte r their diel activity p a tte rn  to better coincide w ith 
prey  activity (Zielinski 1986, Zielinski e t al. 1983). j^he fisher in th is study 
m ay  also be adjusting activity to coincide w ith  the  nighttim e activity of 
snowshoe hares, which were shown to be a n  im portan t prey in  th is a rea  b ^  
Roy (1991), as well as in  several other fisher studies (Coulter 1966, Powell 
1977, Leonard 1980, Raine 1981, A rthur 1987, Jones 1991). Activity in  adu lts  
w as lower th an  in juveniles, and it  is possible th a t the adults adjusted to the
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new  conditions more readily, and could forage and  move more efficiently th a n  
did juveniles.
B reeding. A large increase in  overall m ovement ra tes  during the breeding ( 15 
F eb ru a ry  1991 - 31 M arch 1991) season w as due prim arily to a  large increase 
in  m ovem ents of adu lt males. The other sex/age groups did not significantly 
a lte red  th e ir  m ovem ent ra tes The overall activity levels during the  breeding 
period were very low, w ith adu lt females exhibiting the lowest activity levels 
(active less th a n  25% of the time). Adult m ales had  the h ighest activity levels 
(52%), and  juveniles of both sexes had sim ilar, interm ediate activity levels
Differences in  movement ra tes and activity levels during the  breeding 
season a re  probably re la ted  to the  reproductive s ta tes of the  sex and  ages, 
while tim ing of activity w as probably more influenced by environm ental 
conditions. C ircadian patterns appeared to disappear during the  breeding 
season, possibly a  resu lt of the  increased ease of moving and foraging on the  
h a rd  snow crust of early spring. Only adult m ales showed a significant peak of 
activity. A lthough adu lt m ales were more active during all parts  of the  day 
th a n  any  o ther group, the ir highest activity (80%) occurred during the  evening 
tw ilight, which corresponds to the concentration of activity during  crepuscular 
hours found in  other studies (Kelly 1977, Johnson 1984, A rthur and  Krohn 
1991).
A dult females showed very low overall activity (25%) during the breeding 
season, b u t had  m ovem ent ra te s  sim ilar to w in ter tim e m ovem ents. A lthough 
i t  is no t know n w hether any females reproduced on th is study, low activity 
levels app ear typical of denning. Paragi (1990) found th a t the  tim e a female
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sp en t a t  the  den was h ighest during the the early denning periods (54-57% of 
tim e spen t in  den), w hen the  k its are most dependant upon her for 
therm oregulation . Johnson (1984) found the  m ovem ents of an  adu lt female 
less during  the  breeding th an  during the winter, bu t Leonard (1980) did not see 
a  restric tion  in  m ovem ents by a  denning female. I did not see a change in  
m ovem ent ra tes of adu lt fem ales during the breeding seaso n ^ It is not known if 
individual females in  th is study were exhibiting reduced activity due to denning 
or i f  reduced activity simply indicated th a t they  were able to move and  forage 
m ore efficiently during th is t im e .^
Post-breeding. Overall post-breeding activity was higher th an  breeding 
activity , prim arily  reflecting increases in the activity levels of adu lt females to 
51%, and  possibly the  absence of monitoring of juvenile m ales, th a t  m aintained 
low breeding activity. The adu lt females continued the  nonselective diel 
activ ity  p a tte rn  seen during  breeding, bu t all time periods had  an increase in  
activity. Movement ra tes  of adu lt females also increased during th is time. 
P arag i (1990) found th a t  the  am ount of tim e spent a t  the  den by the  female 
declines through the denning period, as the kits ' dépendance on the female for 
therm oregulation  decreases b u t the ir energy requirem ents increase. Powell 
and  Leonard (1983) estim ated  th a t energy expenditure for a  female w ith kits 
could reach  three tim es the  non-reproduction energy requirem ents. Any 
denn ing  females in  th is study m ay have been responding to increased energetic 
dem ands by both increased activity and increased m ovements.
T here does not appear to be any diel cycle exhibited by any group of 
an im als during the post-breeding/summer period. Sum m er should be a  period
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of h igh  prey abundance and  little environm ental stress; the  fishers 
energetically  m ay not have had  to lim it th e ir activ ity  to certain  tim es of th e  
day  to coincide w ith prey  diel cycles or environm ental conditions.
C om parison w ith o ther studies. In  comparing activity levels through seasons 
w ith  Johnson (1984), the  reintroduced fishers exhibited higher activity levels 
during  the  post-release period (47%) than W isconsin fishers did during the  
sim ilar fall period (33%). D uring the winter, m y fishers were active 53% of the  
tim e, while Johnson reported  18% activity. Activity of M ontana fishers during 
th e  breeding and post-breeding seasons was 38% and 45%, respectively. 
Johnson  reported activity  a t  27% and 39% for breeding and sum m er, 
respectively. The reintroduced fishers exhibited higher activity levels during  all 
seasons th a n  fishers from  Wisconsin. The g rea test difference in  activity levels 
occurred during the w in ter season, possibly indicating th a t w inter m ay be a 
critical season for the  M ontana fishers.
O verall activity for the  reintroduced M ontana fishers for all seasons 
com bined w as 43.9% (3223/7342) and with the  post-release period removed, 
ac tiv ity  w as 42.5% (3098/5385). Overall activity  for fishers in  W isconsin was 
28% (210/739 Johnson 1984), and in  M ichigan, Powell (1977) reported activity 
a t  32% (56/176). Only fishers in  New H am pshire had  activity levels h igher 
th a n  in  th is  study a t  74% (1066/1446), bu t m ost d a ta  were obtained during  the  
dayligh t hours (Kelly 1977). The high activity levels of the transp lan ted  fishers 
could be due to some longterm  effects of the translocation  such as inefficiency 
in  foraging and moving in  the new habitats, or increased exploratory activities. 
A lternatively , i t  m ay be a  tru e  ecological difference betw een the two
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populations, indicating th a t  resources m ay be more difficult to obtain in  
w es te rn  h ab ita ts  as com pared to m ore easte rn  hab ita ts .
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RECOM M ENDATIONS 
L o ca l a n d  M etap op u la tion  R ecovery an d  M an agem en t
Evidence th a t fishers selectively use specific h ab ita ts  in w estern  
landscapes has been provided in  th is study, and  m ost completely in the  
re se a rc h  conducted by Jones (1991). Almost assuredly , these quality  h ab ita ts  
a re  patchily  d istributed in  presen t landscapes. In  addition to hab ita t loss, 
h a b ita t  fragm entation  is the  m ost prevalent im pact of hum an  activities on 
m any  species' viability and  conservation (see Introduction). At some scales, 
sp a tia l heterogeneity  (patchiness) may increase the  persistence of th e  species 
in  th e  region or m etapopulation, if  there is dispersal betw een hab ita t patches 
(Roff 1974a and b; Kuno 1981, H anski 1982, 1985; F ah rig  and M erriam  1985, 
Lefkovitch and Fahrig  1985, Fahrig and Paloheimo 1988, Burkey 1989, Gilpin 
1990, T aylor 1990). S patial heterogeneity will buffer the effects of tem porally 
occurring stochasticity (demographic and environm ental) when dispersal 
betw een  populations occur. Exchange between subpopulations dam pens the  
n a tu ra l fluctuations sm all populations experience, allows for recolonization of 
h a b ita ts  when local extinction occurs, and provides genetic diversity.
These theoretical an d  emperical observations assum e there are p resen t 
populations or subpopulations distributed across the  landscape w ithin which 
exchange can take place, i. e., a  metapopulation. W ithout dispersal, spatial 
heterogeneity  leads to increased risks of extinction, both  for the local and 
regional populations (Shaffer 1981, Fahrig and  M erriam  1985, Lefkovitch and
107
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F a h n g  1985, F ahrig  and  Paloheimo 1988). Even species th a t  na tu ra lly  occur 
as sm all, isolated populations have been found to be highly dependent upon 
occasional im m igration. Stacey and  Taper (1992) found im m igration of only 
five ind iv iduals per year increased the predicted persistence tim e of a  Acom 
W oodpecker population fi*om m edian survival tim e of 16 years to more th an  
1000 y ears  in  the  presence of environm ental stochasticity. They conclude 
th a t  th e  persistence of these widely dispersed populations is dependent upon 
th e ir inclusion in  the m etapopulation, and th a t each is regularly  rescued from 
extinction by im m igration from other independently varying populations.
D oak e t al. (1992) found the effect of spatial heterogeneity depends upon 
two things; the  size of the h ab ita t fragm ents and the  spatia l scale in  which 
they  a re  arrayed  in  relation to the  dispersal capabilities of the  species (also see 
Johnson  e t al. 1992). If  the  fragm ents are small and  widely dispersed, 
successful im m igration is predicted to be low. Similiarly, Pulliam  and 
D anielsen  (1991) predicted more anim als would settle in  sink habitats if  
su itab le  hab ita ts  were highly diluted across the landscape, reducing overall 
p roductiv ity  of the m etapopulation. Several researchers have em phasized the 
re liance of subpopulations in  patchy environm ents on the  connectivity of the 
patches in  relation to the  species dispersal capabilities (Fahrig  and Paloheimo 
1988, F ah rig  and M erriam  1985, Lefkovitch and F ah rig  1985, Noss 1991).
T he few fisher populations in  the northern Rockies a re  widely dispersed, 
and  because of the low probability of exchange, probably cannot constitute a 
m etapopulation. This lack of regional dynamics dram atically  increases the 
risk  of extinction for each population and for the species in  the  region. Priority
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in  fisher m anagem ent should be to remedy th is situation through the  
protection of critical hab ita ts  for colonization and  dispersal, protection of 
p re sen t populations, and  re-establishm ent of o ther populations to form  a 
netw ork  of connected subpopulations.
C ritical H ab itats. Jones (1991) has m ost in tensively  researched h a b ita t use 
by fishers in  the  N orthern  Rockies. He found fishers in northcentral Idaho 
preferred different types of habitats in  the sum m er and winter. D uring the 
sum m er, fishers selected m ature and old-growth forests of the Abies 
grandis/Senecio triangu laris  hab ita t type groups (see Jones 1991 Appendix A), 
and  random ly used m atu re  and old-growth stands of other mesic Abies grandis 
h ab ita t type groups. D uring the winter, young forests were preferred if  they 
were in  Abies grandis mesic hab itat type groups. During both sum m er and 
w inter, dry h ab ita t types were avoided and riparian  habitats were preferred. 
F ishers in  northcen tral Idaho (Jones 1991) were m ost frequently (52%) found 
in  e ither the draw  bottom s or concave (lower) slopes year around. Midslopes 
w ere avoided, and upper slopes and ridges were used in  proportion to 
availability. My findings for fisher hab itat use in  the spring and sum m er 
coincides w ith the topographic and hydrologie use seen in Idaho.
Jones (1991) also recom mends a  landscape approach to m anagem ent; 
m anaging for a system  of m ature forests in terspersed  w ith young and  mid- 
successional forest stages. B and  (1989) repo rts  th a t  the  best h ab ita ts  for 
fishers are m ulti-aged stands interspersed w ith  wetlands, stream s, and  small 
openings. Rosenberg and Raphael (1986) indexed fisher presence in  Douglas-fir 
forests in  northern  California in relation to various degrees of forest
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fragm en ta tion  and insularity . They found fisher presence negatively correlated 
w ith  s ta n d  insularity , th e  percent of clearcuts p resen t, and  the am ount of edge. 
Positive correlations were found between fisher presence an d  the a rea  of the  
s ta n d  an d  the distance to a  clearcut, with the  g rea tes t abundance in  stands 51 
- 100 ha. Rapheal (1984) found fisher abundance positively correlated w ith  
s tan d  area  and age. H ab ita t m anagem ent should be based on the findings of 
Jo n es  (1991) and Rosenberg and  Rapheal (1986).
The role of dispersal has been discussed above. The m aintenance of 
d ispersa l corridors will be im portan t to the successful expansion of, and 
exchange between, the  p resen t populations. Jones (1991), Buck (1982), M ullis 
(1985), and  I found fishers in  w estern habitats use rip arian  areas for travel 
corridors. Jones (1991) recom mends the m ain tenance of closed canopy forests 
s itu a ted  along stream side rip arian  habitats for travel corridors as well as 
re sting  sites and hunting  areas. The m aintenance of rip arian  areas will help 
ensu re  a  h ab ita t netw ork in  which fishers can safely disperse to new 
se ttlem en t areas or o ther populations.
P ro tection  of Populations. Banci (1989) recom m ended a  system  of réfugia be 
estab lished  for fishers in  B ritish  Columbia, where the subpopulation could be 
p ro tec ted  from harvest. As reviewed in  the Introduction, m ost states and 
provinces have had to provide some form of protection from harvest for fisher 
populations to recover. In  w estern  habitats, fisher productivity and density 
ap p ea r to be generally low, possibly requiring protection from trapping 
m orta lity  in  recovering populations.
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The value of réfugia as tools to m aintain  or recover furbearing carnivores 
h a s  been  recognized for several years, and is gaining popularity as m any 
species of carnivores are  reduced in abundance and  d istribution due to h ab ita t 
loss an d  exploitation. De Vos (1951) documented the  im portance of refuges to 
th e  recovery and  expansion of fisher and m arten  in  Ontario. In M anitoba, Van 
Zyll de Jong  (1969) recom m ended establishm ent of a  refuge for the  protection 
of pine m arten . N ew foundland created a trap-free refuge in  1973 to protect the 
la s t  population of pine m arten  in  the province (B issonette e t al. 1991). 
Schupback recom m ended the  establishm ent of a  refuge to allow the  recovery 
of reintroduced and rem n an t pine m arten on the upper peninsula of Michigan 
(1977). H om ocker and  H ash  (1981) em phasized the  im portance of un trapped , 
rem ote wilderness a reas for the  viability of wolverines, and recommended the 
cu rta ilm en t of bait trapp ing  in  areas where wolverines population 
enhancem ent is desired. Wisconsin estabhshed two furbearer réfugia to 
p ro tect reintroduced fishers from incidental trapping  m ortality. The sta te  
continues to m ain ta in  these  réfugia even after fishers have successfully 
recovered in  m ost p a rts  of the ir former range in  no rth ern  Wisconsin because of 
th e  security  these areas allow for fishers as well as o ther furbearers such as 
pine m arten  (Kohn et al. in  press).
Joshi and Gadgil (1991) explore how ancient civilizations m aintained a 
defacto system  of réfugia through sacred lands in  which harvests were not 
allowed. They developed a  model whose goal was to maximize harvest while 
m inim izing extinction probability. A dispersed mosiac of réfugia (sim ilar to 
d ispersion of sacred sites) across the landscape allow higher sustained yields 
w ith  lower risks of extinction, as long as the  dispersion allowed for complete
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m ixing of harvested  and unharvested  populations (“plentifully patchy”). This is 
som ew hat sim ilar to the concept of registered trap line m anagem ent in  B ritish  
C olum bia. In  this system, sections of individual trap lines m ay be set aside as 
réfug ia  during  periods w hen a  specie’s abundance is low (Banci 1989).
M anagem ent of species in  increasingly fragm ented hab ita ts  m ust 
approach  the  challenge of m ain tain ing  small divided populations across the 
landscape. The development of a  system  of rufugia in  the  northern  Rockies 
w ould begin  to protect a  num ber of furbearers, some whose ra rity  is cause for 
special concern (wolverine, lynx, fisher). W eaver (1993) recommends the  
estab lishm en t of a netw ork of trapping  réfugia for th e  above m entioned species 
in  th e  no rth ern  Rockies region.
R e-establishm ent of a M etapopulation. Small, isolated populations face a  high 
risk  of extinction due to demographic stochasticity, environm ental 
stochasticity , catastrophes, and  loss of genetic variab ility  (Shaffer 1981, Soule 
1987). Long-term  conservation of fragm ented populations m ay depend upon 
dynam ic interactions between populations across the landscape. M aintaining 
connectivity  between populations m ay be sufficient to  ensure exchange in  
regions w here isolation is not extreme. Because of the extrem e isolation of the 
fisher populations in M ontana and the northern  Rockies, the  probability of 
exchange is low, even if suitable dispersal corridors exist. Therefore, longterm  
conservation  efforts m ust work towards the re-estabH shm ent of a 
m etapopulation . Sm ith and  Peacock (1990) recom m end the  estab lishm ent of 
s tepp ing  stone populations in  critical hab ita ts  to bridge the  gap between 
iso la ted  populations, and to increase the num ber of occupied patches in  the
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region. They suggest the  use of réintroduction to create several sm all 
populations connected across the landscape. A lthough each sm all population 
w ould in itially  have a  high chance of failure, longterm  viability for the regional 
population  will be increased w ith  the  establishm ent of m etapopulation 
dynam ics. Van Zyll de Jong  (1969) recommended the réintroduction of pine 
m a rte n  in  M anitoba in  "strategic locations" which would promote the 
expansion of the species beyond the  refuge population, also implying the  
creation  of a  series of sm all, connected populations. F u tu re  réintroduction 
a ttem p ts  of fishers should be located in  suitable h ab ita ts  in  proxim ity to 
existing  populations so the  exchange between populations m ay lead to 
decreased extinction probabilities for both populations.
M anagem ent Recom m endations. Although I have docum ented settlem ent in  
th e  reintroduced fishers in  the  Cabinet M ountain area, as well as a drastic 
decline in  the m ortality  ra te  through time, the longterm  success of the effort is 
unknow n. Successful reproduction has not been documented, and the effect of 
lim ited  m ales to m ate p resen t females in unknown. Trapping in  the area has 
rem oved approxim ately 10% of the radio-tagged fishers in  each of the 3 years 
of m onitoring (see also Roy 1991). Because of the  settlem ent in  areas w ith  
easy  access to trappers, increases in  trapping  m orta lity  m ay occur. Powell 
(1979b) w arned th a t even sm all increases (1 to 4 additional fishers/100 km^) in 
m orta lity  due to trapping  can cause local population extinction. He 
recom m ended trapping only be allowed on well established and  widespread 
populations. I recommend the following m easures be im plem ented
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im m edia te ly  to enhance population recovery in  the  C abinet M ountains and 
regionwide:
• C losure of statew ide fisher trapping seasons un til da ta  can be collected on 
population distribution and  abundance.
•E stab lish m en t of a  trapping refuge to provide protection for the reintroduced 
fisher population in  the Cabinet M ountains un til population growth and 
expansion occurs.
•P ro tection  and  m anagem ent of hab ita ts  used by fishers for hunting, resting  
and  dispersal.
• Population m onitoring through snowtracking or o ther survey techniques in 
the  C abinet M ountains and  other areas with rem nan t fisher populations.
• F u tu re  réintroduction efforts in  areas w ith appropriate h ab ita t and 
protection, and  w ith connectivity to o ther fisher populations.
R eco m m en d a tion s for F u tu re R éin trod u ctio n
The réintroduction of several th rea tened  species of birds and m am m als 
have assisted  in the development of a  set of guidelines for the réintroduction 
process (Table 14). There are basically four steps involved: feasibility study, 
p rep a ra tio n  phase, release, and  assessm ent (S tanley Price 1991, S tu a rt 
1991). Additionally, docum entation of the results of the réintroduction and an  
analysis of the  techniques used will assist in  fu tu re efforts (Stanley Price 
1991). To assist in  fu tu re  translocations of fishers, I have discussed various 
aspects of th e  process below.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
115
Table 14. Guidelines for the  réintroduction and  restocking of populations 
th rea te n ed  species of birds (from the ICBP and  International Wildfowl and 
W ^ ^ d s_ ^ m st^ ^ s£ ^ ^ te^ ^ ^ ^ ^ e^ ^ rice_ 1 9 9 ^
1- Re-introduction is the deUberate release of individusds of a  species into an  
a re a  from  which i t  h as been lost, w ith the  aim  of establishing a self- 
sustain ing  and viable population.
Re-stocking is the  release of individuals to reinforce an  existing population, 
u sually  w ith the aim  of increasing population viability.
2. T he m ain tenance of n a tu ra l ecosystems and  biological processes m ust 
rem ain  the overriding priority in  conservation. Re-introduction/re-stocking 
is a  useful tool only w hen either a  population has been lost or reduced or no 
o ther m ore effective conservation m easures are likely to restore a 
population to viability. Such a program m e m ust always be p a rt of the 
w ider ecological and  socio-economic aspects of ecosystem protection or 
restoration .
3. A re-introduction is multi-disciplinary. All stages of the release program m e 
m u st be carried out in  a  professional m anner and supervised by qualified 
personnel w ith the  approval of all the relevant government agencies, and 
th e  th e  co-operation of national and international conservation 
organizations.
In  order for re-introduction/re-stocking programmes to be of long-term 
benefit to conservation and  to have m axim um  chance of success they  m ust 
fulfil the  requirem ent given below
4. Feasibilitv  studv
There should be a  detailed feasibility study of the following:
a) Ecology and  s ta tu s  of the  species and its  environm ent
b) Abiotic and  biotic changes to the ecosystem in  the recent p as t and  those 
likely in  the foreseeable future
c) Costs and benefits to hum an populations of the re-introduction/re­
stocking programme, assessed through socio-economic studies
d) Availability of suitable release stock, which, ideally, should be the stock 
m ost closely related  to th a t previously occurring in  the  area; if  captive 
stock is to be used, i t  m ust be the re su lt of sound genetic and 
dem ographic m anagem ent and selection pressures as nearly n a tu ra l as 
possible
e) Existing national and international legislation and regulations, and 
provision of new m easures as necessary.
Re-introduction/re-stocking should proceed only if:
a) The original causes of extermination have been identified and removed or 
a re  no longer effective
b) The available hab ita t is of adequate quality  and sufficiently large to 
support a  viable population
c) The re-introduction/re-stocking program m e will not endanger the  source 
population either a t  release or in the fu ture
d) R isks to hum an life and property are minimized.
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Table 14 (continued)_______________________________________________________
5. P lann ing  and  preparation  phase
Before s ta rtin g  a  re-introduction/re-stocking programme the  following 
p reparations and  provisions should be made;
a) A ppropriate hea lth  screening of the anim als for release and the 
environm ent of th e  release area
b) D eterm ination  of release strategy (acclim atization of release stock to 
re lease area, group composition, num ber, release patterns and 
techniques, season and  time of day)
c) Identification of success indicators and  prediction of programme duration
e) Securing of adequate funding for all phases of the programme
f) P revention of the accidental introduction of diseases or disease vectors 
and, w here anim als are added to an  existing wild population, of new 
disruptive genetic m aterial
i) Design of a  pre- and  post-release m onitoring programme 
j) Approval of all relevant government agencies and co-ordination w ith 
national and in ternational conservation organizations.
6. Release and  m onitoring phase
The following factors should be monitored during and after the release, a t  
lea s t u n til th e  criteria  of success have been reached:
a) Population a ttribu tes
b) Key biotic and  abiotic factors
c) Processes of long-term  adaptation by individuals and the population 
M onitoring resu lts track  programme progress allowing for revision of the 
program m e or its  discontinuation.
7. As§gs?m ?nt phasQ  ̂  ̂ ,
Re-introduction experiences, results and conclusions should be published 
e ither a t  in tervals or as soon after project completion as possible. They 
should be widely available as reputable sources.
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T rap p in g. Holding, and Translocation of F ishers. The release of physically or 
m en ta lly  unhea lthy  anim als is unethical and m ay compromise the  
ré in troduction  effort. I used several simple m easures in  an  a ttem pt to reduce 
th e  s tre ss  and  stress-related in juries of anim als trapped  for translocation. I 
suggest th a t  one should;
1. Thoroughly camouflage traps both inside (with na tu ra l bedding, e.g., 
g rass  or p ine needles) and out w ith n a tu ra l m aterials. This has th ree possible 
functions: avoiding detection of the trap  and trapped anim al by hum ans, 
th e rm al protection of the  trapped  anim al, and  increased trapping  success.
2. Place the traps in  potential travel corridors or o ther high quality 
h ab ita t, frequently touch-up camouflage and replace bait and  lures. Use fresh 
m eat, especially beaver, for bait, and high quality lures. These m easures will 
increase trapp ing  success and lead to an overall reduction in  the tim e lag 
betw een trapp ing  and release into new areas.
3. Alwavs provide the anim al w ith a  secure hiding place. Keep anim als 
covered while carrying, transporting, or holding. Provide a  den box and ample 
s traw  i f  possible.
4. P ro tect the fishers from excessive ja rrin g  while being transported  by 
placing a  bedding of straw  in  the back of the truck, in  the transport cages, or 
both.
5. F ishers m ay be prone to dehydration, and  individuals may be fremtic 
p a rtly  because of th e ir th irst. Occasionally offer w ater to trapped and 
tran sp o rte d  fishers.
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6. T he m ost stressfu l p a r t of translocation is the transporta tion , thus 
reduce th is  phase as m uch as possible, both on the  ta*apline and  transporting  to 
tran sloca tion  site.
7. If  holding th e  anim als for more th an  a  few days, tran sfer them  into 
larger holding cages w ith a  den box. This promotes improved san itary  
conditions, and  gives the  anim als some freedom of m ovem ent as well as a 
choice of hiding places.
9. Holding facilities should be quiet, a t  am bient tem peratures, and secure 
from  h u m an  disturbance or access by domestic anim als such as dogs.
10. The am ount of food fed and the weight of the anim als should be 
m onitored to ensure m aintenance, bu t not excessive weight gain.
Release. I recommend a modified hard-release technique as follows: Place the 
caged fisher in  appropriate h ab ita t and cache a  4-6 day supply of m eat nearby. 
Leave th e  anim al in  the trap  for a  few hours (2-6) so th a t i t  can calm down 
afte r the  transportation  and handling, as well as familiarize itse lf w ith the new 
environm ent. During this period other anim als can be placed a t other release 
sites, do no t release more th an  two anim als per release site; release of 
opposite sexed individuals a t each release site is optimal. After the 
acclim atization period, quietly open the door and im m ediately leave the area.
To ensure  th a t  you do not d isturb the anim al if  i t  chooses to use the tra p  as a 
tem porary  refuge, leave the trap  for a  day or so.
I believe th is technique offers the benefits of both soft and  h ard  release in  
reducing the am ount of time the anim al is captive, allowing i t  tim e to acclimate
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to its  surroundings and calm down after handling, and providing an  immediate, 
tem porary  source of food and  refuge.
N um ber of anim als transp lan ted  and num ber of tran sp lan ts . If the  source site 
for th e  réin troduction is a  d ifferent ecosystem type, the  translocated  anim als 
m ay be naive to several potentially  fatal features of the  new  environm ent, 
such as  p resen t carnivores and  unsu itab le  habitats. Even anim als from 
sim ilar h ab ita ts  will also be vulnerable because of the  lack of fam iliar areas 
and  réfugia, and  the  exploratory n atu re  of their m ovements. I found the 
vulnerabiU ty of the  translocated fishers dropped off after approxim ately 2 
m onths in  th e  new environm ent. An additional source of m ortality  m ay be 
h a rv es t i f  trapp ing  seasons are  open on the  fisher or furbearers in  the area. 
This m ay  be particularly  significant if  the source population is untrapped, 
resu lting  in  the  im portation of trap-naive individuals.
Individuals m ay be re luc tan t to settle in  hab ita ts  devoid of conspecifics; a 
high dispersal ra te  should be expected, especially in the  earliest releases. The 
translocation  of large num bers of anim als m ay reduce dispersal by increasing 
the  po ten tia l of intraspecific competition stim ulating  te rrito ry  establishm ent. 
Also, la te r  releases m ay have h igher ra te s  of settlem ent if  a  few anim als from 
ea rh er releases are present. These considerations should be included when 
determ ining the num ber of anim als to be reintroduced.
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D a t a  o n  f i s h e r s  t r a n s l o c a t e d  f r o m  W i s c o n s i n  i n  1 9 9 0  a n d  1 9 9 1 .  T o o t h  a g e  r e f e r s  t o  t h e  a g e  o f  t h e  a n i m a l  a s  
d e t e r m i n e d  f i* o m  t o o t h  c e m e n t u m  a n a l y s i s ,  w h i l e  t h e  e s t i m a t e d  a g e  i s  b a s e d  o n  p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  
a n i m a l  e x a m i n e d  u n d e r  a n e s t h e t i z a t i o n ,  i n c l u d i n g  s a g i t t a l  c r e s t  d e v e l o p m e n t ,  b o d y  s i z e ,  a n d  t o o t h  w e a r .  W o r k  
u p  d a t e  i s  t h e  d a y  o f  a n e s t h e t i z a t i o n .  T a t t o o  i s  t h e  n u m b e r  t a t t o o e d  i n  t h e  e a r  o f  t h e  a n i m a l ,  a n d  r a d i o - t a g  i s  
t h e  t y p e  o f  t r a n s m i t t e r  p l a c e d  o n  t h e  a n i m a l  i f  i t  w a s  r a d i o - t a g g e d .  G e n e r a l  c o n d i t i o n  i s  t h e  o v e r a l l  p h y s i c a l  
c o n d i t i o n  o f  t h e  a n i m a l  a t  t h e  t i m e  o f  t h e  e x a m .
ID No. Tooth
Age
Estim .
Age
Sex W eight
(Kg)
W ork up 
D ate
L t E a r  
T ag
R t E a r 
T ag
T attoo Radio-
T ag
Gen.
Condition
Tooth
T aken
1 0 Juv . F 1.6 10/23/90 160 161 6 none average yes
2 . Adult M 3.9 10/25/90 29 30 65 collar excellent no
3 0 Juv . M 3 .0 10/23/90 148 147 1 none good yes
4 3 Adult F 1.6 10/23/90 151 153 2 none poor yes
5 1 Adult F 2 .3 10/25/90 10 11 56 collar excellent yes
7 0 Juv. M 2.7 10/25/90 37 38 70 collar excellent yes
8 0 Juv. M 2 .5 10/23/90 149 150 21 collar average yes
9 0 Yearl. M 2.5 10/25/90 179 180 50 collar good yes
10 0 A dult F 2 .0 10/25/90 7 6 54 collar good yes
12 1 Adult F 1.6 10/23/90 163 162 7 none average yes
15 0 Juv. F 1.8 10/23/90 178 177 14 none good yes
16 0 A dult F 1.8 10/25/90 23 22 62 collar average yes
17 0 Yearl. M 3 .2 10/25/90 12 13 57 collar excellent yes
18 , Juv. F 2 .3 10/27/90 50 49 72 im p lan t excellent yes
20 ♦ Juv , M 3 .0 10/25/90 34 33 68 none average no
21 0 Juv. F 2 .0 10/25/90 17 16 59 collar excellent yes
22 0 Yearl. M 3.2 10/25/90 32 31 67 collar excellent yes
23 0 Juv. F 1.8 10/23/90 170 171 11 none good yes
24 Adult M 4.8 10/25/90 3 5 53 collar excellent no
25 0 Juv. F 2.3 10/25/90 27 28 64 collar excellent yes
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ID No. Tooth
Age
E stim .
Age___.
Sex W eight
(Kg)
W ork up  
D a te
L t E a r 
T ag
R t E ar 
T ag
T attoo Radio- 
T ag  .
Gen.
Condition
Tooth
T ak e n
27 2 A dult F 1.4 10/23/90 159 158 5 none average yes
28 2 A dult F 2.3 10/23/90 168 169 10 none good yes
29 0 A dult F 1.8 10/25/90 26 25 63 collar average yes
30 0 Juv . F 2.0 10/25/90 2 1 52 collar excellent yes
31 5 A dult F 1.8 10/25/90 181 182 51 collar good yes
32 0 Y earl. M 2.5 10/27/90 75 74 74 none average yes
33 6 A dult F 2.3 10/25/90 15 14 58 collar good yes
34 0 Yearl. F 2.0 10/23/90 154 155 3 none good yes
35 1 A dult M 3.9 10/27/90 19 18 60 im p la n t good yes
36 1 A dult M 3.9 10/27/90 40 39 73 im p la n t excellent yes
37 1 A dult F 2.3 10/25/90 20 21 61 collar excellent yes
38 0 Juv . M 3.4 10/25/90 36 35 69 collar excellent yes
39 2 A dult F 2.5 10/27/90 47 46 71 im p lan t excellent yes
42 0 Yearl. M 3.2 10/23/90 173 172 12 none excellent yes
50 0 A dult M 2.3 10/23/90 156 157 4 none good yes
51 0 Juv . F 1.8 10/23/90 164 165 8 none excellent yes
52 0 A dult F 1.8 10/27/90 167 166 9 im p lan t good yes
53 1 A dult M 3.6 10/23/90 176 175 13 none excellent yes
101 8 A dult M 4.5 10/18/91 none 55 19 none good yes
102 1 A dult M 5.0 10/18/91 none 52 17 none excellent yes
104 0 Ju v . M 4.0 10/18/91 none 62 35 none excellent yes
105 4 A dult F 2.3 10/18/91 none 70 45 none good yes
106 0 Juv . M 2.7 10/18/91 none 92 64 none good yes
107 . A dult F 2.0 10/18/91 none 42 13 none poor no
108 1 Juv . F 2.3 10/18/91 none 90 61 none good yes
109 6 Juv . F 2.0 10/18/91 none 53 18 none fa ir yes
110 0 A dult F 2.5 10/18/91 none 91 63 none good yes
111 1 A dult M 4.3 10/18/91 none 44 15 none excellent yes
112 1 A dult M 5.0 10/18/91 none 60 36 none good yes coco
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APPENDIX B
D ata  collected on and fates of radio-tagged fishers monitored in 1990-1991. All 
anim als were released in the Fall, 1990 except animals with *, indicating 
release in 1989. Data presented on 1989 animals does not include data 
collected on same animals from Roy (1991).
A n im a l Sex A g e l R elease
T ype
T a g
T ype^
F ir s t  Location  
L a s t  L ocation^
No. of 
L ocations
F a te  a s  o f L a s t  
L ocation
0 0 0 6 M 1.5 Soft I 11 /4 /90
2 /2 2 /9 1
2 6 T rap p in g  M o rta lity
0 0 3 1 M 0 .5 Soft C 11 /5 /90
5 /1 0 /9 1
4 6 R esearch  F a ta l i ty
0 0 4 0 F J Soft I 11 /5 /90
11 /14 /90
3 N a tu ra l M o rta lity
0 0 5 0 F 0 .5 Soft C 11/4 /90
8 /1 1 /9 1
112 Alive
0 0 6 5 M 1.5 Soft I 11 /5 /90
6 /1 3 /9 1
71 Signal Lost; 
Radio F a ilu re?
0 0 7 0 * M 2.5 Soft c 7 /1 9 /9 0
4 /18 /91
15 A ive
0 0 7 5 M 0 .5 Soft c 11/5 /90
11 /26 /90
10 N a tu ra l M o rta lity
0 0 8 6 M 0.5 H ard c 10 /31 /90
11 /25 /90
9 N a tu ra l M o rta lity
0 1 0 6 M 0 .5 H ard c 1 1 /2 /90
5 /10 /91
6 0 R esearch  F a ta l i ty
0 1 1 1 F 0 .5 H ard c 10 /31 /90
2 /2 4 /9 1
4 0 S ignal L ost; T ra p  
M o rta lity  12/91
0 1 4 6 F 0 .5 H ard c 11/2 /90
8 /2 0 /9 1
79 A ive
0 1 7 0 * F 2 .5 Soft c 6 /1 8 /9 0
9 /2 6 /9 0
14 A ive
0 1 9 2 F 0 .5 H ard c 10 /31 /90
4 /1 2 /9 1
53 S ignal L ost; 
D ispersa l?
0 2 1 2 F 0.5 H ard c 11 /6 /90
4 /4 /91
4 4 Signal L ost; 
D ispersa l?
0 2 1 9 F 0.5 Soft I 11 /6 /90
8 /18 /91
81 A ive
0 2 5 1 F 2 .5 Soft I 11 /5 /90
8 /8 /91
91 Alive
0 3 4 7 F 5,5 H ard c 10 /31 /90
12 /9 /90
2 N a tu ra l M o rta lity
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A PPEN D IX  B (continued)
A n im al Sex A g e l R e lease
T ype
T ag
Type2
F ir s t  L ocation  
L a s t L oca tion^
No. o f 
L ocations
F a te  a s  o f L a s t  
L ocation
0 3 6 7 F 3 .3 H ard C 1 1 /2 /9 0
7 /2 7 /9 1
96 R esea rch  F a ta l i ty
0 4 9 1 F 1.5 H ard C 1 0 /3 1 /9 0
8 /2 1 /9 1
96 Alive
0 5 9 1 M A H ard C 1 0 /3 1 /9 0
3 /9 /9 1
35 T ra p p in g  M orta lity
0 6 1 1 M 0 .5 Soft C 1 1 /4 /9 0
1 1 /1 2 /9 0
4 N a tu ra l  M o rta lity
0 7 4 6 M 0 .5 H ard C 1 0 /3 1 /9 0
1 1 /1 6 /9 0
4 N a tu ra l  M o rta lity
0 7 5 0 * F 2 .5 Soft C 6 /1 8 /9 0
7 /1 3 /9 0
3 R esea rch  F a ta lity
0 7 5 1 F 6 .5 Soft C 1 1 /5 /90
1 2 /2 5 /9 0
19 N a tu ra l  M o rta lity
0 9 8 6 M 0 .5 H ard C 1 1 /1 0 /9 0
8 /2 1 /9 1
37 Alive
1076* F 1.5 Soft I 5 /1 0 /9 0
8 /7 /9 0
8 R adio  F a ilu re
1 1 5 0 F 1.5 Soft C 8 /2 9 /9 0
8 /1 9 /9 1
79 Ahve
1160* F 1.5 Soft c 6 /1 8 /9 0
5 /2 2 /9 1
16 R adio  F a ilu re
1198* F 1.5 Soft c 6 /1 8 /9 0
7 /9 /9 1
101 Alive
1 2 4 6 F A H ard c 1 1 /4 /9 0
1 2 /1 8 /9 0
20 N a tu ra l  M ora lity
1 2 8 6 F 1.5 Soft c 1 1 /6 /9 0
3 /2 1 /9 1
40 S igna l Lost; 
D isp e rsa l?
1332* M 2 .5 Soft I 4 /5 /9 0
8 /7 /9 0
9 R adio  F a ilu re
1 Age as determined from tooth cementum analysis unless denoted as "A" or 
"J", in which case age class (Juvenile or Adult) determined from examination of 
teeth  and skuU characteristics.
2 Tag type "C" is a radio-collar; tag type I" is an abdominal implant.
3 "First Location" refers to the date of the first telemetry location after 
releasing the 1990 animals; with 1989 animals, this is the first location of the 
anim al made in the present study. "Last Location" refers to the date on which 
the last telemetry location was obtained on the animal.
* Denotes animals released in 1989, and monitored during the present study.
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APPENDIX C
Description of fisher mortalities. Mortalities were recovered whenever possible 
and  notes made on the habitats where the body was found and the conditions 
surround the death. Necropsies were performed either with the assistance of 
Dr. B art O'Gara of the Montana Cooperative Wildlife Research Unit or by the 
M ontana Dept, of Fish, Wildlife and Parks Research Laboratory in Bozeman, 
M ontana. Analysis of stomach and intestine contents was performed by the 
M ontana Dept, of Fish, Wildfife, and Parks Research Laboratory.
0750: Animal released in 1989 and found dead on 13 July 1990. The body was 
located approximately 15 m high in a tree; a  branch was under the radio collar, 
and  the animal was hanging. She had been dead for a t least 2 weeks, as the 
body was dried and mummified. The mortality signal was not activated 
because of the movement of the tree. The neck was broken. The location was 
a t timberhne, next to a open, granite boulder field. The stomach contained 
approxim ately 18 cc of snake (probably racer) and 5 cc of Peromvscus spp.
0020: Implanted on 29 October 1990 and put in the release cage in the field on 
30 October 1990. The animal appeared to be recovered from the surgery and 
acting normally; it  was eating and active. It was found dead on 1 November in  
release cage. It had eaten the night before. Although there was no evidence of 
an  EUiimal harassing it  from outside the cage, it had obviously struggled inside 
the cage, as evidenced from the chewing on the den box. No wounds were found 
on its  body except pulled out hair from the underside of its tail. Exact cause of
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death  could not be deterniined, though neither the incision or the transm itter 
could be implicated in  the death.
0611: Radio-collared, soft released on 3 November 1990. Mortality signal 
picked up on 12 November 1990. Body recovered on 14 November 1990 a t 
1,300 m  elevation on Berray Mountain, a t  the headwaters of an unnam ed 
creek. He was in a  small basin of alder and aspen which appeared, from the 
num erous hoof prints, to be a kind of winter deer yard. The area had previously 
been logged - stumps of very large cedars present, but the surrounding forest 
had regenerated and was of mature, closed canopy cedar. There were no signs 
of struggle in  the immediate area, though the patchy snow would not 
necessarily leave a history of what happened. The fisher lay on his right side, 
apparently  where he had fallen or been tossed. His back was completely 
severed, only the skin still intact. Bruising on the abdomen indicates extensive 
internal bleeding. There were puncture marks on his nasal bridge and under his 
right mandible. The evidence indicates th a t this fisher was killed by a 
m ountain lion, who grabbed the smimal by the head and vigorously shook him, 
causing the fatal wounds. The stomach contained 19 cc of white-tailed deer, 
and the intestine contained approximately 1 cc of unidentified mouse hair.
0346: M ortality signal picked up from the air on 11 November 1990, bu t could 
not get an  accurate location on it. Extensive ground searches could not pick up 
the radio signal. Another flight on 7 December 1990 pinpointed the location in 
W est Rock Creek. The body was recovered on 9 December 1990. It was under 
approximately 1.5 m of snow, and within a log pile. This log pile was located in 
a small clearing (approximately 10 m^,) with a interm ittent creek.
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Surrounding forest consisted of young to m ature mixed conifer. The body was 
badly decomposed and had either been eaten by the animal th a t had killed it or 
la te r  scavenged upon. Necropsy could not pinpoint the cause of death  because 
of the  poor condition the body was in. There was no evidence tha t the collar 
was causing any problems with the animal.
00-40: M ortality signal picked up on 14 November 1990, in Devil's Club 
drainage. Attempts to recover the body failed because of the signal reflections 
w ithin the drainage. A flight on 15 December 1990 revealed the location to be 
on the  headwall of the drainage. Subsequent attem pts to recover the body 
failed because of the remote location and dangerous snow conditions.
0746: M ortality signal picked up on 17 November 1990 in the North Fork of 
the E ast Fork drainage. Flights revealed the location of the signal coming from 
the headwall of the drainage; attempts to recover the body failed due to 
inabihty  to locate animal because of signal reflections within the drainage, and 
dangerous snow conditions.
0075 and 0086: Both these animal’s m ortality signals were picked up between 
23 November 1990 and 26 November 1990. Locations from the a ir were 
obtained on 15 December 1990. Animal 0075 was located timberline on the 
south side Devils Club drainage; animal 0086 was located on the headwall of 
the E ast Fork drainage. Attempts to recover them  failed due to dangerous 
snow conditions and remoteness of the bodies.
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1246: M ortality signal picked up on 16 November 1990; the body recovered on 
18 November 1990. Found lying on the ground in a m ature, mixed conifer 
forest a t  low elevation. There was no evidence of a struggle nor were there any 
wounds indicating a fight. The neck extremely swollen, cut from the collar, with 
raw, open sores. This animal probably froze to death after going into shock 
caused be the open wounds which were exposed to the extreme cold and the 
m etal of the radio transm itter. The stomach and intestines were empty.
0751: M ortality signal picked up on 25 December 1990. After several failed 
attem pts, the body was recovered on 21 January  1991. The body was under 
about 1.5 m of snow; approximately 30 m inside a large clearcut, which may 
have been brushy when covered with less snow (when she died). She was 
laying in a  curled position under some dense brush. Necropsy showed puncture 
wounds to the abdomen and severe wounds to the hindquarters. Apparently a 
large carnivore of some type caught her out in the open and attacked her as 
she fled, inflicting fatal wounds, which she later died from. The collar was 
causing ha ir loss around the neck. The stomach contained 39 cc of white-tailed 
deer and the intestines contained 1 cc of white-tailed deer.
0006: M ortality signal picked up from the plane on 22 February 1991. 
Recovered the same day from the Bull River. Had been trapped as evidenced 
by the large wound on it's front leg, then shot through the head and discarded in 
the river; the animal had not been skinned prior. The body had floated down 
approximately 6.5 km before snagging on a branch where i t  was recovered.
The anim al was in very poor condition, with little to no body fat. It had lost a 
back leg in  a  trapping incident in December 1990, which could have led to it's
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
141
poor sta te  and i t ’s susceptibility to being re-trapped. This anim al was an  
im planted animal. The stomach and intestines were empty.
QQ31: M ortality signal picked up on 10 May 1991, recovered on 12 May 1991. 
Body found approximately 6 m from Hwy 56 on the west side of the road, a t 
the edge of a young fir/cedar/hemlock stand bordering the river. Appeared to be 
h it by car, as the pelvis was severely misaligned. Later necropsy did not find 
evidence of impact, bu t the radio collar had caused hair loss and irritation to 
the neck area. The animal was in poor condition and probably starved to 
death. The stomach and intestines were empty.
0106: M ortality signal picked up on 10 May 1991, and the body was recovered 
th a t day. Body found on a rocky, open, fairly steep and wide slope forming a 
ridge between two draws. Open area was surrounded by dense brush, 
especially in  the draws, the surround trees were mostly 20-30 year old firs. 
Animal found lying on its side; the left side of rib cage was tom  away, all the 
entrails were pulled out of body, bu t still connected and basically intact.
Ground a b it tom  up all around, but was unable to assess if this was from a 
stm ggle, or ju st the natural criss-crossing of game trails and erosion.
Necropsy could not find evidence th a t the animal died from the wounds and 
they were probably due to later scavenging. Neck area under radio collar had 
severe wounds. The animal's stomach contained 98 cc of whitetail deer, but 
the intestines were empty. Because of the poor condition of the animal, i t  
probably died from infection and starvation caused by the wounds under the 
radio collar.
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0591: M ortality signal picked up on 26 May 1991, the collar was recovered on 
28 M ay 1991 in Simms Creek almost a t the Vermillion River. It had been cut 
off the anim al as indicated by the clean slice through the collar and the 
an tenna  had been snipped off where in enters the collar. It appears th a t this 
anim al m ay have been trapped, and the person attem pted to destroy the collar 
by snipping the antenna and tossing the collar in the creek,
0367: Found dead on 27 July 1991. She was lying curled up under a log in pine 
needles. She was very thin and had a severely infected area around collar. The 
collar was very loose, probably due to the animal's emaciated condition. The 
anim al died due to starvation and infection.
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A PPEN D IX  D
Com parison of 90% utilization volumes (in km^) for three different 
hom erange programs and two different homerange estimators. D ata are 
sam ples of perm anent, seasonal, or tem porary homeranges calculated from 
fishers translocated into the Cabinet M ountains in  1989 or 1990.
Animal Count
Harmonic 
Mean: 
Program 
Homerange 1
Harmonic
Mean:
M cPaaP
Adaptive
Kernel:
Calhome^
0031 23 31.5 15.3 15.3
0050 85 21.6 11.2 9.7
0050 12 14.5 5.5 6.8
0065 64 127.2 117.3 105.3
0145 68 60.6 13.6 13.0
0192 45 240.0 113.6 135.8
0212 29 14.4 17.7 17.1
0219 64 72.0 75.8 75.3
0111 34 73.6 29.1 28.2
0251 75 61.5 24.4 14.0
0367 16 37.5 35.5 38.6
0367 42 25.4 14.7 11.9
0367 23 25.3 22.1 24.2
0491 87 71.7 46.5 45.7
0591 29 29.0 26.0 28.6
0986 30 44.7 97.4 65.1
1150 78 47.3 30.1 17.3
1160 12 16.3 15.4 18.1
1198 101 60.0 26.1 17.4
1 Ackerm an e t al (1989). Estimates calculated using the automatic optimal 
grid density setting option (calculated using an algorithm which sets the grid 
density to average one data point per grid cell; see Ackerman et al. 1990).
2 Stuwe and Blohowiak (1985). Grid density set a t 50
3 Baldwin e t al. (1992). Grid density set for automatic calculation.
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APPENDIX E
Tem porary homeranges for reintroduced fishers in 1990-1991. Homerange 
calculated from the adaptive kernel estimator using the 90% volume area. 
Tem porary homeranges were occupied a t least 28 days, bu t were eventually
Animal Sex Period Monitored Days Count
Homerange 
Size (km2)
0006 M 20 Nov 90 - 1 Feb 91 73 17 18.3
0031 M 19 Nov 90 - 14 M ar 91 116 23 15.3
0050 F 19 Nov 90 - 24 Dec 90 35 12 6.8
0111 F 14 Nov 90 - 24 Feb 91 103 34 28.2
0212 F 14 Nov 90 - 22 Feb 91 101 29 17.1
0367 F 15 Nov 90 - 21 Jan  91 68 16 38.6
24 Ja n  9 1 - 7  May 91 103 42 11.9
25 May 91 - 27 Ju l 91 63 23 24.2
0591 M 16 Nov 90 - 24 Feb 91 100 29 28.6
1286 F 20 Nov 90 - 21 M ar 91 124 36 16.0
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A PPEN D IX  F
Spatial representation of seasonal homeranges for fishers with two or more
seasonal homerange escalations.
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0050
-W inter, n  = 14, size = 7,1 km^ 
Breeding, n=22, size = 5.3 km^ 
Post-Breeding, n=49, size =10 .8  km^ 
Scale: 1:100.000
Fig. F. 1. Seasonal hom eranges of female 0050. Fem ale 0050 m ain ta ined  
a  tem porary  hom erange a t  the release site un til la te  December w hen  she 
d ispersed  0.5 km  north . She established a  hom erange she occupied for 
th e  d u ra tio n  of m onitoring. Homerange sizes determ ined as the 90% 
u tiliza tion  volume a reas  u sing  adaptive kernel analysis.
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0251
W inter, n  = 17, size = 4 ,9  km^ 
Post-Breeding, n  = 53. size = 15.0 km^ 
Scale; 1:100,000
0145
------ Breeding, n  = 17, size = 14.4 km^
........Post-Breeding, n  = 51, size =11 .0  km2
/
/
\
N
Scale: 1:100,000
\
\
/
r
Fig. F .2. Seasonal hom eranges of female fishers 0251 and  0145. Fem ale 
0251 tem porarily abandoned the residency during 5 February 1991 to 4 
M arch  1991 after occupying it since m id-Decem ber. After re turn ing  in 
early  M arch she m ain tained  the hom erange for th e  duration  of 
m onitoring . Female 0145 dispersed so u th  fi*om th e  release area b u t 
re tu rn e d  to the Bull River Valley in m id-February  an d  established a  
hom erange  where she rem ained for the du ra tion  of monitoring. 
H om erange sizes determ ined as  the 90% utilization volume areas u sin g  
adap tive  kernel analysis.
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1198
- W inter, n  = 31, size = 1 . 8  km^ 
Breeding, n  -  20, size = 6.1 km^ 
Post-Breeding, n  = 53. size = 25.1 km ^
Scale; 1:100,000
/ \
\ /
Fig. F.3. Seasonal hom eranges of female fisher 1198. This an im al w as 
re leased  in  1989, and  rem ained in the area . She h a s  m aintained a  
hom erange since m onitoring began on th is  project in  Ju n e  1990. 
H om erange size determ ined as the 90% utilization volume a reas u sin g  
adap tive  kernel analysis.
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0192
—  W inter, n  = 26, size = 35 .5  km^
— Breeding, n  = 14, size = 48.1 km^
Scale: 1:100,000
/
\
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Fig. F.4. Seasonal hom eranges of female fisher 0192. This anim al 
m a in ta in ed  residency th rough  mid-April. T hough her hom erange a reas  
w ere large com pared to o ther females, she did show  a  strong cen tral 
ten d en cy  until h er dispersal. Homerange size determ ined as the 90%  
u tiliza tion  volume a reas  using  adaptive kernel analysis.
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0106
W inter, n = 25, size = 19.2 km2
------Breeding, n  = 12, size = 28.4 km2
Scale; 1:100,000
V
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/
/
V.
Fig. F .5. Seasonal hom eranges of m ale fisher 0106. Male 0106 
m ain ta ined  residency from late Decem ber un til h is research  re la ted  death  
on  10 May 1991. Homerange size determ ined as the  90% utilization 
volum e areas using  adaptive kernel analysis.
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0219
 Breeding, n  = 17, size = 81.6  km^
 Post-Breeding, n  = 47, size = 12.1 km^
Scale: 1:100,000
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Fig. F.6. Seasonal hom eranges of female fisher 0219. This female h ad  
tra n s ie n t m ovem ents th rough the end of J a n u a ry  1991. She th en  
stab ilized  and  m ain tained  a  hom erange for the dura tion  of m onitoring. 
H om erange size determ ined as  the 90%  utilization volume a reas  u sin g  
adaptive kernel analysis.
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0491
- W inter, n  = 28. size = 20.8 km^ 
Breeding, n  = 12, size = 6.3 km^ 
Post-Breeding, n  = 47, size = 41.8  km^ 
Scale: 1:100,000
Fig. F .7. Seasonal hom eranges of female fisher 0491. Female 0491 
d ispersed  so u th  from the  core study a re a  in late December. She 
m ain ta in ed  a  hom erange in a  drainage of the C lark Fork River for the 
d u ra tio n  of the  m onitoring period. H om erange size determ ined a s  the 
90%  utilization  volume areas using  adaptive kernel analysis.
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0367
W inter, n  = 16, size = 38.6  km^ 
Breeding, n  = 17, size = 19.6 km^
Scale: 1:100,000
o
\
V
/
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Fig. F .8, Seasonal hom eranges of female fisher 0367. This an im al 
exhibited  a  shifting p a tte rn  of tem porary hom eranges. She occupied 
each  for several w eeks before abandoning it. Seasonal hom erange were 
estim ated  from these  tem porary areas w hen  residency w as m ain ta ined  
th ro u g h  the  season. Homerange size determ ined as the  90% utilization 
volum e areas u sing  adaptive kernel analysis.
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Winter, n  -  22, size = 3.6 km^
 Breeding, n  = 20, size = 99.3 km^
 Post-Breeding, n  = 41, size = 108.1 km^
X
/
/
Scale; 1:100,000
154
\
\
\
\
\
\
/
/
/
X
/
\
/ ;
{ ;
I ;
I : 
\ '
\
\
\
I 
/
X
/
/
X
\
\
/
X
X
Fig. F.9. Seasonal homerange of male fisher 0065. Male 0065 maintained a 
homerange from late November until radio contact was lost in June 1991, due 
to probable radio failure. Homerange size determined as the 90% utilization 
volume areas using adaptive kernel analysis.
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APPENDIX G
Seasonal use of elevation, slope, and aspect by translocated fishers in  the
Cabinet Mountains in 1990- 1991.
Post-release (early November) use of elevation, slope, and aspect by fishers 
released into the Cabinet Mountains in November 1990. Sample size for 
elevation and slope was 115 locations. Slope classified as “flat” was not used in 
aspect calculation, therefore, sample size for aspect was reduced to 105 
locations.
H abitat Variable
No. of Animal 
Locations
Proportion of Animal 
Locations
Elevation: 600-800 m 17 0.15
Elevation: 800-1000 m 29 0.25
Elevation: 1000-1200 m 30 0.26
Elevation: 1200-1400 m 27 0.23
Elevation: 1400-1600 m 10 0.09
Elevation: >1600 2 0.02
Slope: Flat 26 0.23
Slope: Shallow 43 0.37
Slope: Moderate 38 0.33
Slope: Steep 7 0.06
Slope: Extreme 1 0.009
Aspect: North 41 0.39
Aspect: E ast 7 0.06
Aspect: South 22 0.19
Aspect: W est 35 0.30
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Appendix G (continued). W inter season (mid-November 1990 -14  February 
1991) use of elevation, slope, and aspect by fishers released into the Cabinet 
M ountains in November 1990. Sample size for elevation and slope was 289 
locations. Slope classified as flat was not used in aspect calculation, therefore.
H abitat Variable
No. of Animal 
Locations
Proportion of Animal 
Locations
Elevation: 600-800 m 60 0.21
Elevation: 800-1000 m 71 0.25
Elevation: 1000-1200 m 71 0.25
Elevation: 1200-1400 m 53 0.18
Elevation: 1400-1600 m 25 0.09
Elevation: >1600 9 0.03
Slope: Flat 68 0.23
Slope: Shallow 92 0.32
Slope: Moderate 80 0.28
Slope: Steep 39 0.13
Slope: Extreme 10 0.03
Aspect: North 92 0.37
Aspect: E ast 40 0.16
Aspect: South 52 0.21
Aspect: West 66 0.26
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Appendix G (continued). Breedii^ season (15 February 1991 - 31 March 1991) 
use of elevation, slope, and aspect by fishers released into the Cabinet 
M ountains in  November 1990. Sample size for elevation and slope was 190 
locations. Slope classified as flat was not used in aspect calculation, therefore,
H abitat Variable
No. of Animal 
Locations
Proportion of Animal 
Locations
Elevation: 600-800 m 96 0.51
Elevation: 800-1000 m 59 0.31
Elevation: 1000-1200 m 17 0.09
Elevation; 1200-1400 m 15 0.08
Elevation: 1400-1600 m 3 0.07
Elevation: >1600 0 0.00
Slope: Flat 78 0.41
Slope; Shallow 69 0.36
Slope: Moderate 30 0.16
Slope: Steep 13 0.07
Slope: Extreme 0 0.00
Aspect: North 59 0.44
Aspect: E ast 23 0.17
Aspect: South 17 0.13
Aspect: W est 34 0.26
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Appendix G (continued). Post-breeding season (1 April 1991 - late August 
1991) use of elevation, slope, and aspect by fishers released into the Cabinet 
M ountains in  November 1990. Sample size for elevation and slope was 493 
locations. Slope classified as flat was not used in aspect calculation, therefore,
H ab ita t Variable
No. of Animal 
Locations
Proportion of Animal 
Locations
Elevation; 600-800 m 270 0.55
Elevation: 800-1000 m 121 0.24
Elevation: 1000-1200 m 49 0.10
Elevation: 1200-1400 m 21 0.04
Elevation: 1400-1600 m 25 0.05
Elevation: >1600 7 0.01
Slope: F lat 257 0.52
Slope: Shallow 117 0.24
Slope: Moderate 93 0.19
Slope: Steep 25 0.05
Slope: Extreme 1 0.002
Aspect: N orth 118 0.39
Aspect: E ast 62 0.21
Aspect: South 43 0.14
Aspect: W est 76 0.25
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